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INTRODUCTION 


The Heathkit Model IT-2240 Digital LC Bridge is de- 
signed for easy measurement of inductance and 
capacitance, and their associated loss (dissipation) 
factor. Its accuracy and operational features can ful- 
fill the requirements of a laboratory, a quality assur- 
ance department, or an experimenter. The clearly 
labeled front panel lets even untrained users make 
error-free measurements. 


You can measure inductance (L) from less than 
1 »H to 2000 H and capacitance (C) from less than 
1 pF to 2000 pF, over an eight-decade range, with 
-1 pH or .1 pF resolution on the lowest range. Test 
frequencies are 1000 Hz for values to 2 H or 2 pF, 
and 120 Hz for higher values. You can measure the 
dissipation factor for the component under test from 
.000 to 1.999 on each range. Basic measurement ac- 
curacy, with laboratory standards calibration, is 
+.5% for L and C ranges, and + 3% for dissipation. 


Measurements are made using high-accuracy, four- 
terminal (Kelvin) connections at the front panel 
input contacts. This type of connection lets you test 
components with a wide range of lead diameters and 
spacing, while virtually eliminating these variable 
effects. An Accessory cable (supplied) lets you test 
large or remote components. A front panel Lead Null 
control allows you to minimize stray capacitance on 
the lower C ranges. Low-level, sine wave signals are 
used for testing; with frequencies, voltage/current 
levels, and impedance modeling automatically 
selected to provide maximum accuracy for each 
range. 


Capacitors and voltage-variable diodes (varicaps) 
can be biased from an external 0 to 10 VDC source 
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through a rear panel connection. You can apply bias 
voltages up to 50 VDC by using the supplied Acces- 
sory cable and a simple decoupling circuit. A sepa- 
rate rear panel output provides a value output (0 
to +2.0 VDC) to external fixtures for batch testing, 
or an X-Y plotter to chart a capacitance-versus- 
voltage curve. 


Front panel inputs are overvoltage protected to with- 
stand inadvertent connection of charged capacitors 
(50 VDC maximum) or power sources (+20 VDC for 
5 seconds). Rear panel connections are resistance- 
protected against momentary overvoltages. 


Other features include a 3-1/2 digit, high-brightness 
LED display with automatic decimal point place- 
ment; dual-slope A/D conversion in a single 
MOSILSI* integrated circuit; high reliability inte- 
grated circuit technology; calibration with supplied 
or laboratory standards; application information for 
maximum versatility; and low-profile, compact 
styling. 


The IT-2240 Digital LC Bridge combines accuracy, 
reliability, and ease of operation. It will be a useful 
addition to your workshop, laboratory, or inspection 
facility. 


NOTE: After assembling your Digital LC Bridge, you 
will make resistance and voltage measurements. You 
must use an analog ohmmeter (VOM or VTVM) with 
a 1.5 V test voltage, and a center-scale number great- 
er than 5 but less than 50. The DC voltmeter may 
be an analog or digital type having a 10 MO or higher 
input resistance. 


*MOSILSI: Metal Oxide Semiconductor/Large Scale Integration, 
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UNPACKING INSTRUCTIONS 


DO NOT UNPACK ANY PART OF YOUR LG 
BRIDGE UNTIL YOU ARE INSTRUCTED TO 


DO SO. 


The main shipping carton for your Digital LC Bridge 
is divided into two sections, or packs, as shown on 
the “Pack Index Sheet.” Each of these packs may 
be made up of loose parts, small boxes, or bags. 


“Pack 1” contains all parts you need for the display 
circuit board, plus all the wire and solder you will 
use in the assembly of the entire kit. The remaining 
parts are the “Final Pack,” which contains the items 


you will use during the assembly of the main circuit 
board and chassis. Do not remove any parts from 
the Final Pack until this Manual specifically in- 
structs you to do so. 


An instruction at the beginning of each parts list 
tells you which pack to open. Save all packing mate- 
rials until you locate all of the parts. 
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ASSEMBLY NOTES 


TOOLS 


You will need these tools to assemble your kit. 


LONG-NOSE DIAGONAL WIRE 
PRIERS PLIERS CUTTERS STRIPPERS 
{OTHER HELPFUL 
! TOOLS 
' 
' 
i 
' DESOLDERING 
' BULB* 
1 
' 
1 
' 
! JESOLDERING 
1 NUT STARTER, BRAID* 
! (May Be Supplied DRIVERS 
1 With Kit) 
if ye Solder From 


y 
f) 


ASSEMBLY 


Follow the instructions carefully. Read the en- 
tire step before you perform each operation. 


Refer to the separate “Illustration Booklet” for 
the Pictorials and Details. Keep the “Illustra- 
tion Booklet” with the Assembly Manual. The 
illustrations in it are arranged in the proper se- 
quence, as called for in the steps. 
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1/8" & 1/4"-BLADE 
SCREWDRIVERS, 


PHILLIPS 
SCREWDRIVER 


PENCIL 
SOLDERING IRON 
(22 to 25 WATTS) 


Pictorials show the overall operation for a 
group of assembly steps; Details generally illus- 
trate a single step. When you are directed to 
refer to a certain Pictorial “for the following 
steps,” continue using that Pictorial until you 
are referred to another Pictorial for another 
group of steps. 


Position all parts as shown in the Pictorials. 
Solder instructions are generally given only at 


the end of a series of similar steps. You may 
solder more often if you desire. 
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6. Each circuit part in an electronic kit has its own 
component number (R2, C4, etc.). Use these 
numbers when you want to identify the same 
part in the various sections of the Manual. 
These numbers, which are especially useful if 
a part has to be replaced, appear: 


— In the Parts List, 


— At the beginning of each step where a com- 
ponent is installed, 


—In some illustrations, 
—In Troubleshooting Charts, 
—In the Schematic, 
—In the sections at the rear of the Manual. 
7. When you are instructed to cut something to 


a particular length, use the scales (rulers) pro- 
vided at the bottom of the Manual pages. 


SAFETY WARNING: Avoid eye injury when 
you cut off excessive lead lengths. Hold the 


leads so they cannot fly toward your eyes. 


Heathkit 
SOLDERING 


Soldering is one of the most important operations 
you will perform while assembling your kit. A good 
solder connection will form an electrical connection 
between two parts, such as a component lead and 
a circuit board foil. A bad solder connection could 
prevent an otherwise well-assembled kit from 
operating properly. 


It is easy to make a good solder connection if you 
follow a few simple rules: 


1. Use the right type of soldering iron. A 22 to 
25-watt pencil soldering iron with a 1/8” or 
3/16” chisel or pyramid tip works best. 


2. Keep the soldering iron tip clean. Wipe it often 
on a wet sponge or cloth; then apply solder 
to the tip to give the entire tip a wet look. This 
process is called tinning, and it will protect the 
tip and enable you to make good connections. 
When solder tends to “ball” or does not stick 
to the tip, the tip needs to be cleaned and retin- 
ned, 


NOTE: Always use rosin core, radio-type solder 
(60:40 tin-lead content) for all of the soldering in 
this kit. This is the type we have supplied with the 
parts. The Warranty will be void and we will not 
service any kit in which acid core solder or paste 
has been used. 


Page7 


Heathkit 


PARTS 


—— OR 
Resistors are identified in Parts Lists and steps by a AMATE 
their resistance value in 2 (ohms), kQ (kilohms), or —HE—— 8 OO 
MQ (megohms). They are usually identified by a 1/2-WATT 
color code of four or five color bands, where each 
color represents a number. These colors (except for —fiiM —hi i 
the last band, which indicates a resistor’s “toler- 1-WATT 2-WAIT 
ance") will be given in the steps in their proper feito i's. 2 mnples Tolerance 
order. Therefore, the following color code is given 
for information only. NOTE: Occasionally, a “preci- 


‘ cj 2 5-BAND RESISTORS: 
sion” or “power” resistor may have the value 


+1% = 
stamped on it. Cte) Se * Mote wide 
4-BAND resisrons—{(((((C [1 
=10% 
lan) see is 
Multiplier 


Band 2 Band 3 (if used) 
2nd Digit 3rd Digit 


Resistance 
Tolerance 


Band 1 
1st Digit 


Black 
Brown 
Red 
Orange 
Yellow 


Multiplier 


Digit Multiplier 


Black 
Brown 
Red 
Orange 
Yellow 
Green 
Blue 
Violet 
Gray 
White 


Green 
Blue 
Violet 
Gray 
White 


Capacitors will be called out by their capacitance EXAMPLES: 
value in wF (microfarads) or pF (picofarads) and type: 


ceramic, Mylar*, electrolytic, etc. Some capacitors 151K = 15 x 10 = 150 pF 
may have their value printed in the following man- 759 = 75 x0.1 = 7.5 pF 
ner: 
NOTE: The letter “R" may be used at times to signifya 
First digit of decimal point: as in: 2R2 = 2.2 (pF or pF). 
capacitor's value: 1 151K 
Second digit of MULTIPLIER 
Capacitor's value: 5 FOR THE OVER 
Multiplier: Multiply the NUMBER: 10 pF 


first & second digits by 
the proper value from the 
Multiplier Chart. 


To find the tolerance of 
the capacitor, look up 

this letter in the Tolerance 
columns. 


“DuPont Registered Trademark 
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DISPLAY CIRCUIT BOARD 


PARTS LIST 


Remove the parts from Pack 1 and check each part 
against the following list and the “Parts Pictorial” 
(Illustration Booklet, Page 1). The key numbers cor- 
respond to the numbers on the "Parts Pictorial.” Re- 
turn any part that is packed in an individual en- 
velope, with the part number on it, back into its 
envelope until that part is called for in a step. Do 
not throw away any packing material until you have 
accounted for all the parts. 


To order a replacement part, always include the 
PART NUMBER. Use the Parts Order Form fur- 
nished with this kit. If a Parts Order Form is not 
available, refer to “Replacement Parts” inside the 
rear cover of this Manual. For prices, refer to the 
separate "Heath Parts Price List.” 


KEY HEATH QTY. DESCRIPTION CIRCUIT KEY HEATH QTY. DESCRIPTION CIRCUIT 
No. Part No. Comp. No. No. PartNo. Comp. No. 
RESISTORS WIRE-CABLE-SLEEVING 
AL 6-1103-12 1 110k, 1% (brn-brn-bik-org) R302 340-8 6’ Small bare wire 
Al 6-474-12 3 470kM (yel-viol-yel) R301, R303, 340-9 6" Large bare wire 
R304 343-12 48” Shielded cable 
A2 10-1227 1 20kQ-contro! RI 344-33 18” Black wire 
346-35 2" Heat-shrink sleeving 
346-60 1-1/2" Clear tubing 
CAPACITORS 347-66 10-1/2"25-conductor flat cable 
Bi 20-148 1 100 pF mica c302 
B2 21-761 1.01 uF (103) glassceramic C308 MISCELLANEOUS 
B3 25-927 2 22uF electrolytic 307, C309 
B4 27-193 3.047 wF (473K) Mylar C301, C303, 85-2971-1 1 Display circuit board 
C305 Ci 250-1514 8 #2 x 1/8" self-tapping screw 
B4 27-228 2 AF (104K) Mylar C304, C306 C2 260-710 4 Input contact Jt, J2 
C3 (260-714 4 Stiffener 
C4 411-853 4 7-segment LED (light- 301, V302 
emitting diode) 303, V304 
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KEY HEATH QTY. DESCRIPTION KEY HEATH QTY. DESCRIPTION 
No. PartNo. No. PartNo. 
Miscellaneous (Cont'd) PRINTED MATERIALS 
C5 432-134 3 Socket pin (1 extra) Di 390-1255 1 Fuse label* 
C6 434-253 1 40-pin IC socket b2 1 Blue and white label* 
C7 434-298 4 14-pin IC socket 597-260 1 Parts Order Form* 
C8 490-185 1 Desoldering braid 1 Assembly Manual 

Solder (See title page for 

1 Magnifier part number.) 
*These parts may be packed inside the Manual. 
STEP-BY-STEP ASSEMBLY 


Refer to Pictorial 1-1 (Illustration Booklet, Page 2) 
for the following steps. 


In the following steps, you will be given detailed 
instructions on how to install and solder the first 
part on the display circuit board. Read and perform 
each step carefully. Then use the same procedure 
whenever you install parts on a circuit board. 


As you perform each step, check it off in the space 
provided. You may also wish to place a check mark 
near each component on the Pictorial as you install 
it. 


( ) Position the display circuit board as shown 
with the printed side up. Note that this circuit 
board has foil on both sides. Do NOT solder 
on the printed (component) side unless you 
are instructed to do so. The side of the circuit 
board opposite the printed side will be re- 
ferred to as the foil side. 


NOTE: When you install a component that has its 
value printed on it, position the value marking up, 
so it can be easily read. Diodes should be mounted 
with their type or part number up, if possible. 


(. ). Locate a 110 k, 1% (brn-brn-blk-org) resistor. 
Hold the resistor with long-nose pliers and 
bend the leads straight down to fit the hole 
spacing on the circuit board. 


( ) R302: Push the resistor leads through the holes 
at the indicated location near the top of the 
circuit board. You can install the resistor with 
the color bands either way. 


(), Press the resistor down against the top of the 


circuit board. Then bend the leads outward 
slightly to hold it in place. 


a aan a 
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) Turn the circuit board over and solder the 
leads to the foil as follows: 


SOLDERING 

IRON\. 
COMPONENT 
LEAD \ 


ae 


Un Hold the soldering iron tip against both the 
lead and the circuit board foil. Heat both for 
two or three seconds. 


SOLDERING 
IRON 


2. Then apply solder to the other side of the con- 
nection. IMPORTANT: Let the heated lead 
and the circuit board foil melt the solder. 


SOLDERING 
IRON \ 


3. As the solder begins to melt, allow it to flow 
around the lead. Then remove the solder and 
the iron and let the connection cool. 


Cut off the excess lead lengths close to the con- 
nection. WARNING: Hold the leads as you clip 
them so the ends will not fly toward your eyes. 


Check each connection. Compare it to the il- 
lustrations in Detail 1-1A. After you have 
checked the solder connections, proceed with 
the assembly on the following pages. Use the 
same soldering technique for each connection. 


As you install IC sockets, be very careful that you 
do not bridge solder between socket pins. Solder that 
is bridged between two pins that are on the same 
foil is all right. If a solder bridge should occur, hold 
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the circuit board bottom side down as shown. Then 
hold your soldering iron tip between the two points 
where solder is bridged. The solder will flow down 
the iron. You can also use desoldering braid (sup- 
plied). 


Ic 
CIRCUIT SOCKET 
BOARD 
FOIL 
SOLDERING 


SOLDER 
IRON “| BRIDGE 


NOTE: Before you install an IC socket, make sure 
the pins are straight. If there is any kind of identifica- 
tion mark (notch, dot, arrowhead, etc.) at or near 
one end of the socket, place this marked end toward 
the index mark on the circuit board (this index mark 
should still be visible after you install the socket). 
Then start the pins into the circuit board holes and 
solder them. The sockets used in a step may have 
fewer or a greater number of pins than shown in 
the detail. 


INDEX 
MARK 


Install four 14-pin IC sockets at: 
(.) V304 
(¥) 


() 


V303 
V302 


() V301 


() 40-pin IC socket at U301. 
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NOTE: When you install socket pins, push each pin 
as far as possible into the hole. Then solder them 
to the foil. 


TOP OF 
CIRCUIT 
BOARD 


STOP 
j-— RIDGE 


LS 


FOIL SIDE OF 
CIRCUIT BOARD 


SOLDER 


(__)” Install two socket pins at: “LAMP TEST.” 


NOTE: In general, solder instructions are given only 
at the end of a series of similar steps; you may solder 
more often if you wish. 


Install each of the following components at the prop- 
er location on the circuit board, as indicated by its 
component number (C308, R303, etc.). 


(4) C308: .01 »F (103). Install this capacitor as you 
would a resistor. 


(«) R303: 470 kQ (yel-vio-yel). 


() R301: 470 kQ (yel-vio-yel). Be sure you install 
this resistor in the proper holes. 


(, ) R304: 470 kQ (yel-vio-yel). 


(,). Solder the leads to the foil and cut off the ex- 
cess lead lengths. 


Refer to Pictorial 1-2 for the following steps. 


({_) -€302: 100 pF mica. Solder the leads to the foil; 
then cut off the excess lead lengths. NOTE: 
Set the cutoff leads aside for use ina later step. 


When you install an electrolytic capacitor, al- 
ways match the positive (+) mark on the 
capacitor with the positive (+) mark on the 
circuit board, OR, match the negative (—) 
mark on the capacitor with the negative (—) 
mark on the circuit board. 
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IDENTIFIED IDENTIFIED 
LEAD IS LEAD IS 
NEGATIVE (-) | POSITIVE (+) 


1. POSITIVE 
NEGATIVE MARK) +MARK 
MARK @ E +) 
(oS) 


(_) C309: 22 pF electrolytic. Install this capacitor 
flat against the circuit board as shown. 


POSITIVE 
NEGATIVE (+) 


) C304: .1 wF (104K) Mylar. 

} C303: .047 pF (473K) Mylar. 

} C301: .047 pF (473K) Mylar. 
J)» C306: .1 .F (104K) Mylar. 
_Y” C305: .047 uF (473K) Mylar. 


,) C307: 22 pF electrolytic. Install this capacitor 
flat against the circuit board. 


J Solder the leads to the foil and cut off the ex- 
cess lead lengths. 
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Refer to Pictorial 1-3 for the following steps. 


NOTE: In the following steps, use enough heat to 
ensure an even flow of solder. 


(_) Refer to Detail 1-3A and use the following pro- 


° 


“ 


cedure to attach a stiffener to an input contact. 


1, Melt a small dot of solder at each end 
of one side of a stiffener as shown in Part 
A. 

2, Place the stiffener, solder dots down, 


into the input contact as shown in Part 
B. Position the stiffener against the short 
edge of the contact. While holding the 
stiffener in place with a screwdriver or 
other tool, heat one end until you are 
sure the solder has melted. Be sure the 
stiffener remains against the short edge 
of the contact. Reheat this end as re- 
quired until the stiffener is parallel with 
the contact edge. Allow the solder to 
cool. Then heat the remaining end to 
seat the stiffener fully in place. 


3. Cut two 2” lengths of solder. Use only 


these lengths in the following two steps. 


4. Using one length of solder, melt several 


dots of solder into the gap between the 
short edge of the stiffener and the con- 
tact as shown in Part C. Use as much 
of the solder as possible. Then, using the 
screwdriver to hold the stiffener in posi- 
tion, melt the solder dots. Use a wiping 
motion to evenly distribute the solder in 
the gap as shown in Part D. Allow the 
solder to cool before proceeding to the 
next step. 


5. Refer to Part D and use the same proce- 


dure to melt the remaining length of sol- 
der into dots along the rear edge of the 
stiffener. Then melt the solder along the 
stiffener edge, using a wiping motion. Do 
not allow too much solder to flow from 
the edge of the stiffener into the indi- 
cated corner of the contact. 


y ancnes) = 2 3 


1 (eM) 2 a ‘ . 6 7 e 
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(_) ( ) ( ) Inthe same manner, install stiffen- 
ers into the remaining three input 
contacts. 


{) Refer to Detail 1-3B and use two #2 x 1/8” 
self-tapping screws to loosely mount a contact 
assembly to the display circuit board at the 
top location of J1. Center the contact in the 
screened outline and center the screws in the 
contact holes; then tighten the screws. NOTE: 
Be careful not to overtighten the screws. 


(_) Similarly, mount a contact assembly at the top 
location of J2. 


(_) Install a contact assembly at the bottom of J1 
facing the contact mounted at the top. Position 
the contact flush with and parallel to the top 
contact, then tighten the mounting screws. 


{_) Similarly, install the remaining contact assem- 
bly at the bottom location of J2. - 


NOTE: Read through the next three steps before you 
solder the screws to the contacts in the next step. 


(_) Solder one side of the head of each mounting 
screw to its respective contact. Then solder the 
screw threads to the foil side of the circuit 
board. 


(_) Examine J1 and J2. If a gap exists between con- 
tacts, carefully bend the bottom contact up or 
top contact down until there is no gap. When 
they are properly adjusted, the seam of each 
set of contacts should be vertically centered 
over the center line of the circuit board screen 
outline. 


(_) Use the capacitor leads you set aside previ- 
ously to test the input contacts for tension. If 
it is too easy to insert the leads, bend the con- 
tacts together to increase tension. If it is very 
difficult to insert the leads, carefully spread 
the contacts to relieve some of the tension. 
Properly spaced contacts allow you to insert 
the leads at either end of the contact without 
bending the leads and yet still firmly grip the 
inserted lead. 
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To install a display LED, position it so the two deci- 
mal points on one side are away from the index mark 
on the circuit board. Make sure the pins are straight. 
Then match up the pins with the holes in the socket 
and install the LED. Be careful that none of the pins 
bend as you insert them. 


DECIMAL 
POINTS 


Install four 7-segment LEDs (light-emitting diodes) 
at the following locations. 


(\).-v304 
(. V303 
(.),/V302 
( )Vv301 
Refer to Pictorial 1-4 for the following steps. 


(( } Ri: 20 k@ control. Refer to Detail 1-4A and 
install the,cgntrol on the foil side of the board 
with igs toward the top of the circuit 
board. Solder the mounting tabs to the compo- 
nent side of the board. 


> 

() Cut four 1-1/4Mengths of large bare wire. Then 

use the template)shown in the inset drawing 
of Detail 1-4A tolfprm each wire. 


() Meltasm jount of solder on the indicated 
foil pads on the foil side of the circuit board. 


() Holding the longer end of a formed wire with 
pliers, place the short end against the solder 
on a foil pad. Heat the wire until the solder 
melts; then remove the soldering iron. Hold 
the wire in place until the solder cools. Be sure 
the wire remains square with the circuit board. 
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) In the same manner, solder a wire 
to each of the remaining three foil 
pads. Keep the wires parallel to 
each other and square with the cir- 
cuit board. 

CIRCUIT BOARD CHECKOUT 


Carefully inspect the foil side of the circuit board 
for the following most-commonly-made errors. 


NOTE: There are some unused holes in the circuit 
board. 


( 9 Unsoldered connections. 
( 4° Poor solder connections. 


(,.) Solder bridges between foil patterns. 


(_) Protruding leads which could touch together. 


Refer to the illustrations where parts are installed 

as you make the following visual checks. 
Z 

(. J Electrolytic capacitors for the correct position 
of the positive (+) or negative (—) marked 
leads. 

(, ). LEDs for proper installation. 

(_) Input contacts for proper positioning. 

U301 will be installed later. 


Set the circuit board aside temporarily. 


bs 


Page 14 


Heathkit 


MAIN CIRCUIT BOARD, BOARD WIRING, 
AND CHASSIS ASSEMBLY 


PARTS LIST 


Open the Final Pack and check each part against 
the following list. The key numbers correspond to 
the numbers on the Parts Pictorial. Do not remove 
any parts that are supplied on the tape strips until 
they are called for in an assembly step. If a part 
is packed in an individual envelope with a part 
number on it, identify the part; then place it back 
into the envelope until a step calls for it. Do not 
throw away any packing materials until you have 
accounted for all the parts. 


To order a replacement part, always include the 
PART NUMBER, Use the Parts Order Form fur- 
nished with this kit. If a Parts Order Form is not 
available, refer to “Replacement Parts” inside the 
rear cover of this Manual. For prices, refer to the 
separate "Heath Parts Price List.” 


KEY HEATH QTY. DESCRIPTION CIRCUIT KEY HEATH QTY. DESCRIPTION CIRCUIT 
No. PartNo. Comp. No. No. PartNo. Comp. No. 
RESISTORS Ceramic “" 
NOTE: The following resistors are rated at 1/2-watt and have a e Bee : oo (001) hod C118 
tol f 25% unless otherwise listed. 
lerance of .25% unless otherwise listed. aay hooees aed 
Al 6-689-1 2 680, 1-watt, 5% R1229F123 é 
(blu-gry-gid) 
A2 2-383 1 10.2 (10R0 or 1098) R174 Electrolytic 
A2 2-384 1 90.9 (90R0 or RI75 
a2 2-385 1 1000.9 (1kor 1001 ey B3 25-893 3 1000 uF; 132, 6134, 
A2 2.375 1 10k2 (1002C) RI72 eisai F : bd 
A2 2-386 1 100 - 3300 
en eG) ar B3 25-925 15 4.7 pF 111, C121, 
C122, C129, 
131, C133, 
CAPACITORS 6137, C141, 
6142, 6145, 
Mica C146, C155, 
156, C167, 
BI 20-103 1 150 pF CTEST as 
BI 20-158 1 500pF 83 25-927 7 22uF 101, C115, 
” we C116, 6126, 
127, 0128, 


C135 
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KEY HEATH = QTY. DESCRIPTION CIRCUIT KEY HEATH — QTY. DESCRIPTION CIRCUIT 
No. PartNo. Comp. No. No. PartNo. Comp. No. 
Other Capacitors #8 Hardware 
BS 27-228 1A WF Mylar (104K) C105 E14 250-1436 2 8-32 x 3/8" screw 
B6 29-73 4 012 4F polypropylene C102, C103, E15 252-4 2 8-32nut 
(1236) C114, C125 E16 254-2 2 #8 lockwasher 
BE 29-74 2 .1 WF polypropylene (104G) C113,C124 
Other Hardware 
CONTROLS-SWITCHES-RELAYS 
E17 252-7 1 Control nut 
C1 10-1137 2 2000.2 (2k) control R144, R152 E18 253-10 1 Control flat washer 
C1 10-1138 3 10k0 contro! R137, R226, E19 254-4 2 Control lockwasher 
R232 E20 260-16 4 Alligator clip 
C1 10-1185 4 200k control R154, R202, E21 260-65 4 Fuse clip 
R203, R243 
C2 63-1421 1 Rotary switch swt 
C3 64-945 1 ‘seen pushbutton switch Sw101-swios | TRANSISTORS-INTEGRATED CIRCUITS 
C4 69-86 2 Relay RY101, RY102 
NOTE: Transistors and integrated circuits may be marked for iden- 
tification in any of the following four ways: 
METAL AND PLASTIC PARTS 
1 Part number. 
oy ones et ae 2 Type number (on integrated circuits, this refers only 
D3 203-2232 1 Frontpanel to the numbers printed in bold type; the letters may 
Be Mune 2 fecha be different or missing). 
05 210-86 1 Bezel 3, Partnumber and type number. 
D6 215-94 5 Heatsink 
“ Part number with a type number other than the one 
listed. 
HARDWARE 
Hardware packets are marked to show the size of the hard- F1 417-235 2 2N4121 transistor Q102, Q103 
ware they contain (HDW #4, HDW #6, etc.). You may have Fi 417-998 1 PN4399 transistor Q101 
to open more than one packet to locate all of the hardware. F2 442-21 2 MC1458 IC U112,U118 
F3 442-54 1 UA7B05 IC U124 
F2 442-75 1 LM311IC U113 
#4 Hardware F3 442-667 1 MC78M151C u122 
F2 442-679 1 TLOBIIC U101 
E1 250-1412 15 4-40 x 3/8" screw F3 442-683 1 79M05 IC 125 
E2 252-15 9 4-40 nut F2 442-707 5 LF353(TLO72) IC U105, U106, 
E3 254-9 15 #4lockwasher U111,U115, 
u117 
F4 442-724 1) 7107 1C u301 
#6 Hardware \ F5 442-770 3 DG211IC U102, U109, 
ui16 
—4 250-1282 1 6-82°X 1/8" set screw F5 442-774 1 40521C u108 
E5 250-1280 12 6-32 x 3/8" screw F3 442-775 1 79M151C U123 
—6 250-1420 4 6-32 x 3/8" flathead screw F6 776 2 770001C U104, U107 
£7 — 250-1150 1 6-32 x 1/2"screw F5 -777 | 2 CA32801C U103, U114 
E8 250-1905 1 #6 x 5/8" self-tapping screw F5 1 "D"ROMIC ui19 
E9 252-3 5 #6nut F5 444-330 1 “UC” ROMIC ur21 
E10 252-23 1 #6 thumb nut 
E11 253-60 2 #6 flat washer 
E12 254-1 4 #6 lockwasher 
E13 259-1 2 #6 solder lug 
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KEY HEATH QTY. DESCRIPTION CIRCUIT KEY HEATH QTY. DESCRIPTION CIRCUIT 

No. PartNo. Comp. No. No, PartNo. Comp. No. 

PINS-SOCKETS-CONNECTORS 100-1853 1 Calibration Package, consisting of the 

following components. DO NOT remove 

GI 432-134 13 Socket pin them from the envelope until you are in- 

G2 432-866 6 Spring connector (2 extra) ‘structed to do so. 

G3 432-1129 2 4pin plug P101, P102 1 820M. resistor 

G4 492-1151 1 4-hole socket shell $101/102 1 1000 uF electrolytic capacitor 

G5 434-230 9 8-pin IC socket 1 150uF electrolytic capacitor 

G6 434-299 8 16-pin IC socket 1 15 uF electrolytic capacitor 

1 .15uF capacitor 

MISCELLANEOUS 2. Alligator clips 

Hi 54-1036 1 Power transformer 1 HS 261-@@ 24 4 Foot 

H2 73-34 2 Red alligator clip insulator H6 = 352-13 1 Silicone grease 

H2 = 73-159 2 Black alligator clip insulator H7 354-5 5 Cabletie 

H3 75-754 1 Strain reliet H8 421-31 1 3/16-ampere slow-blowfuse F102 

H4 75-817 1 Insulating paper H8 421-37 1 1-ampere fuse F101 
85-2536 1 Printed circuit card connector H9 = 431-13 1 4-lug terminal strip Ts1 
85-2970-1 1 Main circuit board H10 462-1100 1 Knob 
89-54 1 Line cord H11 490-5 1 Nutstarter 

H12 490-14 1.062 allen wrench 
H13 490-114 1 IClifter 
TAPED COMPONENTS 


The remaining parts are supplied on taped strips. 
Itis not necessary to check them against the fol- 


lowing list. 
HEATH QTY. DESCRIPTION CIRCUIT HEATH QTY. DESCRIPTION CIRCUIT 
Part No. Comp. No. Part No. Comp. No. 
RESISTORS 
NOTE: The following resistors are 1/4-watt, 5% tolerance unless 6-4991-12 2 4990 9, 1% (yel-wht- R164, R238 
otherwise noted. Wht-brn) 
6562-12 4 5600 2(gmn-blu-red) R179, R181, 
6-330-12 1 33.0 (org-org-bik) R139 R183, R213 
6-151-12 3 1500 (brn-grn-brn) ¢ R165, R234, 6822-12 7 8200.2 (gry-red-red) R112, R113, 
R241 r R115, R118, 
6-391-12 9 390 2 (org-wht-brn) R116, R135, = R167, R214, 
R136, R183, “s R217 
R184, R185, 6-1002-12 9 10k2, 1% (brn-bik-bik-red) R158, R19, 
R207, 8208, R161, R162, 
R216 R193, R227, 
6-1301-12 7 1300.2, 1% (brn-org-bik-brn) 141, R235, R236, 
R142, R143, R237 
R192, R205, 6-1152-12 6 11.5kM, 1% (brn-bm- R105, R146, 
R245 grn-red) R194, R218, 
6-222-12 7 2200 2 (red-red-red) R101, R121, R219, R239 
R166, R176, 6-1472-12 6  14.7k0, 1% (brn-yel- R104, R107, 
R178, R209, viol-red R108, R145, 
R242 R191, R223 
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HEATH = QTY. DESCRIPTION CIRCUIT HEATH — QTY. DESCRIPTION CIRCUIT 
Part No. Comp. No. PartNo, Comp. No. 
6-1742-12 1 17.4k0, 1% (brn-viol- Rist AXIAL-LEAD CERAMIC CAPACITORS 
yel-red 
6-1822-12 5 18.2k0, 1% (brn-gry- R103, R131, 21-761 21.01 uF (103) C106, C107, 
red-red) R132, R133, C117, C143, 
R138 C144, C147, 
6-303-12 3 302 (org-bik-org) R177, R224, 148, C151, 
R228 C152, C153, 
6562212 8» 56.2kM, 1% (grn-blu- R157, R163, C154, C157, 
red-red) R196, R197, C158, C161, 
R198, R199, C162, C163, 
R222, R231 C164, C165, 
6-683-12 4 68kf (blu-gry-org) R114, R195, C166, C169, 
R215, R221 e171 
6-8662-12 = 286.6 k0, 1% (gry-blu- R148, R225 
blu-red) 
6-1103-12 = 8 110k, 1% (brn-bmn- R106, R109, DIODES 
bik-org) R126, R127, 
A128, R129, 56-26 1 1N191 (brn-wht-brn) D117 
R147, R201 56-56 9 1N4149 D101, D107, 
6-124-12 7 120kQ (brn-red-yel) R102, A111, 0108, D111, 
R117, R119, 0112, D113, 
R124, R125, D114, D115, 
R233 D116 
6-2003-12 2 200 KM, 1% (red-bik- R155, R229 56-612 1 1N5229B D102 
bik-org) 56-677 2  1N5350B D103, D104 
6-5113-12 1 511k, 1% (grn-brn- R156 57-65 11 1N4002 D105, D106, 
brn-org) D118, D119, 
6-9313-12 1 931 k2, 1% (wht-org- R153 121, 122, 
brn-org) D123, D124, 
6-105-12 5 1MQ (bmn-bik-gmn) R204, R206, D125, D126, 
R244, R246, D127 


RTEST 
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STEP-BY-STEP ASSEMBLY 


MAIN CIRCUIT BOARD 


Refer to Pictorial 2-1 as you read the following notes 
and perform the following steps. 


NOTES: 


4 Many circuit board drawings, such as the one 
shown in Pictorial 2-1, are divided into two 
or more sections. These sections show you 
which area of the circuit board you are work- 
ing in for a specific series of steps. 


2, Cut the “Taped Component Chart” from the 
last page in the Illustration Booklet. Make 
sure you read the instructions at the top of 
the chart before you use it. Note that it is di- 
vided into numbered sections which corres- 
pond to the numbered sections on the circuit 
board pictorial. The components are listed in 
the order of assembly. 


3. In each series of steps, corresponding to a cir- 
cuit board section, you will install parts in 
a top-to-bottom, left-to- right sequence. Occa- 
sionally, you may be directed to install a par- 
ticular part in an area out of sequence. 


In order to make the assembly easier, you may wish 
to cut the parts from a section of the Taped Compo- 
nents Chart and, as you do this, prebend the leads 
and lay the parts on your work area in the exact 
order of assembly. Then you can hold the circuit 
board while you install the parts in sequence with- 
out interruption. 


Start at the top of Section 1 and install the following 
components. The sequence of the steps matches the 
location of the components on the circuit board. 


Section 1 


NOTES: 1. When you install a diode, always match 
the band on the diode with the band mark 
on the circuit board. THE CIRCUIT WILL 
NOT WORK IF A DIODE IS INSTALLED 
BACKWARDS. 


2. Diodes may be supplied in any of the 
following shapes. Always position the 
banded end as shown on the circuit board. 


IMPORTANT: THE BANDED END 
OF DIODES CAN BE MARKED IN 


iddddg 


—————_—____ 
BANDED END 


3. If your diode has a solid body, the band 
is clearly defined. If your diode has a glass 
body, do not mistake the colored end in- 
side the diode for the banded end. Look 
for a band (or bands) painted on the out- 
side of the glass. 


SOLID BODY 


BAND 


~ 
» BANDED END 
2 


= 
GLASS cOLoRED 
BODY END 
INSIDE 
CAUTION:ALWAYS POSITION THE 
BANDED END OF A DIODE AS 
SHOWN ON THE CIRCUIT BOARD. 


(>) D117: 1N191 (brn-wht-brn) (#56-26). 


() R246: 1MO (brn-blk-grn). 
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(Wf R103: 


(i 
(od 


R101: 


D101 


~ R104 
R105: 
D102: 
R102: 
R106: 
R114: 
R109: 
R112: 
R107: 
R108: 
R111: 
C144: 
C143: 
R116: 
R113: 
R115: 
R117: 
C106: 
R118: 
R119: 


C107: 


R121 


Solder the leads to the foil and cut off the ex- 


18.2 kQ, 1% (brn-gry-red-red). 


2200 © (red-red-red), 


:1N4149 (#56-56). 


214.7 kQ, 1% (brn-yel-viol-red). 


11.5 kQ, 1% (brn-brn-grn-red). 
1N5229B (#56-612). 

120 kQ (brn-red-yel). 

110 kQ, 1% (brn-brn-blk-org). 
68 kQ (blu-gry-org). 

110 kQ, 1% (brn-brn-blk-org). 
8200 © (gry-red-red). 

14.7 kQ, 1% (brn-yel-viol-red). 
14.7 kQ, 1% (brn-yel-viol-red). 
120 kQ (brn-red-yel). 

.01 F (103) glass creamic. 

.01 wF (103) glass ceramic. 
390 Q (org-wht-brn). 

8200 © (gry-red-red). 

8200 © (gry-red-red). 

120 kQ (brn-red-yel). 

.01 wF (103) glass ceramic. 
8200 © (gry-red-red). 

120 kQ (brn-red-yel). 


.01 wF (103) glass ceramic. 


: 2200 2 (red-red-red). 


cess lead lengths, 


Section 2 


4 
) 
) 
(4 
(4 


R178: 


R177: 


C152: 


C151: 


R156: 


R218: 


R157: 


R158: 


D108: 


R164: 


R161: 


D107: 


R155; 


R159: 


R151: 


R153: 


C154: 


C153: 


R162: 


R167: 


D111: 


R166: 


R163: 


R146: 


R165: 
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2200 2 (red-red-red). 

30 kQ (org-blk-org). 

.01 ,F (103) glass ceramic. 

.01 wF (103) glass ceramic. 
511 kO, 1% (grn-brn-brn-org). 
11.5 kQ, 1% (brn-brn-grn-red). 
56.2 kQ, 1% (grn-blu-red-red). 
10 kQ, 1% (brn-blk-blk-red). 
1N4149 (#56-56). 

4990 2, 1% (yel-wht-wht-brn). 
10 kQ, 1% (brn-blk-blk-red). 
1N4149 (#56-56). 

200 kQ, 1% (red-blk-blk-org). 
10 kQ, 1% (brn-blk-blk-red). 
17.4kQ, 1% (brn-viol-yel-red). 
931 kQ, 1% (wht-org-brn-org). 
.01 F (103) glass ceramic. 

.01 pF (103) glass ceramic. 

10 kQ, 1% (brn-blk-blk-red). 
8200 © (gry-red-red). 

1N4149 (#56-56). 

2200 © (red-red-red). 

56.2 kQ, 1% (grn-blu-red-red). 
11.5 kQ, 1% (brn-brn-grn-red). 


150 2 (brn-grn-brn). 
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()_ R145: 14.7 kQ, 1% (brn-yel-viol-red). (.) R208: 390 2 (org-wht-brn). 
()) R143: 1300 Q, 1% (brn-org-blk-brn). (.) R214: 8200 2 (gry-red-red). 
(\} R142: 1300 Q, 1% (brn-org-blk-brn). (.) R215: 68 kO (blu-gry-org). 
(J R141: 1300 , 1% (brn-org-blk-brn). (J R205: 1300 ©, 1% (brn-org-blk-brn). 

}) R148: 86.6 k, 1% (gry-blu-blu-red). (4. R204:1M0 (brn-blk-grn). 

})) R128: 110 kQ, 1% (brn-brn-blk-org). (J R213: 5600 Q (grn-blu-red). 

) R129: 110 kQ, 1% (brn-brn-blk-org). (4 D112: 1N4149 (#56-56). 
(,] C148: .01 wF (103) glass ceramic. (.) R199: 56.2 kO, 1% (grn-blu-red-red). 

j C147:.01 pF (103) glass ceramic. ( J C162: .01 pF (103) glass ceramic. 

») D115: 1N4149 (#56-56). ( C161: .01 pF (103) glass ceramic. 

¥) R147: 110 kO, 1% (brn-brn-blk-org). (_} C117: .01 wF (103) glass ceramic. 

) R126: 110 kQ, 1% (brn-brn-blk-org). (J) R223: 14.7 kQ, 1% (brn-yel-viol-red). 

) D104: 1N5350B (#56-677). (4. R217: 8200 0 (gry-red-red). 

) D103: 1N5350B (#56-677). (¥° R216: 390 © (org-wht-brn). Be sure you install 


) this resistor in the proper holes. 
(..) D106: 1N4002 (#57-65). 
if Y D116: 1N4149 (#56-56). 
(.) D105: 1N4002 (#57-65). 
( )_-Solder the leads to the foil and cut off the ex- 
(-) R124: 120 kO (brn-red-yel). cess lead lengths. 


(4) R127: 110 kQ, 1% (brn-brn-blk-org). 
Section 4 

() R125: 120 kO (brn-red-yel). 

J R206: 1 MQ (brn-blk-grn). 

(_} Solder the leads to the foil and cut off the ex- 


cess lead lengths. } R201: 110 kQ, 1% (brn-brn-blk-org). 


(\4 C158: .01 pF (103) glass ceramic. 
Section 3 
) R197: 56.2 kO, 1% (grn-blu-red-red). 
() R209: 2200 © (red-red-red). 
J) R198: 56.2 kO, 1% (grn-blu-red-red). 
(4) R138: 18.2 kO, 1% (brn-gry-red-red). 


(-) R227: 10k, 1% (brn-blk-blk-red). 
(..) R207: 390 2 (org-wht-brn). 


JA R222: 56.2 kQ, 1% (grn-blu-red-red). 
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R196: 56.2 kQ, 1% (grn-blu-red-red). 
R191: 14.7 kQ, 1% (brn-yel-viol-red). 
R194: 11.5 kQ, 1% (brn-brn-grn-red). 
R228: 30 kOQ (org-blk-org). 
R224: 30 kQ (org-blk-org). 
C164: .01 wF (103) glass ceramic. 
C163: .01 wF (103) glass ceramic. 
C166: .01 wF (103) glass ceramic. 
C165: .01 4F (103) glass ceramic. 
R225: 86.6 kQ, 1% (gry-blu-blu-red). 
C171: .01 »F (103) glass ceramic. 
R133: 18.2 kQ, 1% (brn-gry-red-red). 
(4 R131: 
(yy 


( R132: 


( of R139: 


(yy) 


18.2 kQ, 1% (brn-gry-red-red). 

R134: 1300 2, 1% (brn-org-blk-brn). 

18.2 kQ, 1% (brn-gry-red-red). 

33 Q (org-org-blk). 

R136: 390 © (org-wht-brn). 

(J Solder the leads to the foil and cut off the ex- 
cess lead lengths. 

Section 5 

(4 R221: 68 kO (blu-gry-org). 

( J R195: 68 kO (blu-gry-org). 

(.y C157: .01 wF (103) glass ceramic. 

( J R193: 10 kA, 1% (brn-blk-blk-red). 


() R219: 11.5 kO, 1% (brn-brn-grn-red). 


(yr R192: 


( Je R234: 


(A R231: 


(e y" R229: 
(A R236: 
(Rass: 


(A D114: 


(7 D113: 


Fi 
(4 R237: 


(oy R238: 


fr. 


( R239: 


(4 R245: 


(J R241: 


(“J Reae: 
( ff roa2: 
( or R244: 
( 9% R176: 


( 
( 


4 


C169: 
‘R179: 
R181: 
R182: 
D123: 


R135: 
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1300 2, 1% (brn-org-blk-brn). 
150 2 (brn-grn-brn). 

56.2 kQ, 1% (grn-blu-red-red). 
200 kQ, 1% (red-blk-blk-org). 
10 kQ, 1% (brn-blk-blk-red). 
10 kQ, 1% (brn-blk-blk-red). 
1N4149 (#56-56). 

1N4149 (#56-56). 

10 kQ, 1% (brn-blk-blk-red). 
4990 ©, 1% (yel-wht-wht-brn). 
11.5 kQ, 1% (brn-brn-grn-red). 
1300 ©, 1% (brn-org-blk-brn). 
150 © (brn-grn-brn). 

2200 2 (red-red-red). 

120 kO (brn-red-yel). 

1 MQ (brn-blk-grn). 

2200 2 (red-red-red). 

.01 wF (103) glass ceramic. 
5600 0 (grn-blu-red). 

5600 © (grn-blu-red). 

5600 © (grn-blu-red). 

1N4002 (#57-65). 


390 © (org-wht-brn). 


Solder the leads to the foil and cut off the ex- 
cess lead lengths. 


Page 22 


-——SS  ______ He ath i 


Section 6 (.) 16-pin IC socket at U109. 
\) D118: 1N4002 (#57-65). (|) 16-pin IC socket at U102. 
(\) D119: 1N4002 (#57-65). (.) 8-pin IC socket at U111. 
.) D121: 1N4002 (#57-65). () 16-pin IC socket at U103. 
(\.) D122: 1N4002 (#57-65). Install three 8-pin IC sockets at: 
) D124: 1N4002 (#57-65). () U112 
) D125: 1N4002 (#57-65). (J, U105 
D126; 1N4002 (#57-65). (.) U106 
( D127: 1N4002 (#57-65). (.} W103: 1” small bare wire. NOTE: Cut the prop- 
er length of small bare wire from the length 
. ) R185: 390 0 (org-wht-brn). of wire you received in Pack 1. Then install 
it as shown, solder the leads to the foil, and 
), R184: 390 Q (org-wht-brn). cut off the excess lead lengths. 
(.) R183: 390 O (org-wht-brn). 


() Solder the leads to the foil and cut off the ex- 
cess lead lengths. 


(_) RTEST: 1 MQ (brn-blk-grn). Cut this resistor 
from the strip and set it aside until it is called 


W102: 1" small bare wire. 
for in the “Tests and Adjustments” section. 6A s! 


(_)) W101: 1” small bare wire. 
Refer to Pictorial 2-2 for the following steps. Solder 
each part to the foil as you install it. 

Section 2 
Section 1 

Install three socket pins at: 
Install five socket pins at the following locations: 


(1 TPAC yy ee 
(.) TPDC Gyp tea 
aan ( \\/ TPS 
(4 8-pin IC socket at U113. 
: : a () W104: 1” small bare wire. 


(.) 16-pin IC socket at U114. 
(.) 8-pin IC socket at U101. 


concnes) 2 3 4 5 6 7 
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Install three 8-pin IC sockets at: 
( ()7 0115 

(ay 0117 

(4 U118 

Install three 16-pin IC sockets at: 
(,) U116 

(.) U108 


( y U121 


Section 3 
Install five socket pins at: 
(y) TP? 
(J TP8 


(yf TP9 


( ) 16-pin IC socket at U119. 
* Refer to Pictorial 2-3 for the following steps. 


Section 1 


When you install an electrolytic capacitor, always 
match the positive (+) mark on the capacitor with 
the positive (+) mark on the circuit board, OR, 
match the negative (—) mark on the capacitor with 
the negative (—) mark on the circuit board. 
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IDENTIFIED IDENTIFIED 
LEAD IS LEAD IS 
NEGATIVE (-) pPOSITIVE (+) 


POSITIVE 
NEGATIVE! +MARK 
MARK (Sa) 


~) 


J 


NEGATIVE (-)| 
MARK 


POSITIVE 
(+) MARK 


(4 €129:4.7 pF electrolytic. 

) C142: 4.7 pF electrolytic. 

(J C141: 4.7 pF electrolytic. 

J C102: .012 pF (123G) polypropylene. 
(J C101: 22 pF electrolytic. 

A e103: .012 pF (123G) polypropylene. 
() C146: 4.7 pF electrolytic. 

(ae C104: 1000 pF (.001) ceramic. 

a 105: 1 uF (104K) Myler. 


2 
( ) C145: 4.7 pF electrolytic. 


y Solder the leads to the foil and cut off the ex- 
cess lead lengths. 


Pa 
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Section 2 
) C113: .1 wF (104G) polypropylene. 
j 
(J C114: .012 pF (123G) polypropylene. Be sure 
you install this capacitor in the proper circuit 


board holes. 


C118: 1000 pF (.001) ceramic. 


ss. 


C156: 4.7 uF electrolytic. 


, 
= 


C123: 500 pF mica. 
-) (C115: 22 pF electrolytic. 
) C116: 22 uF electrolytic. 


~) C167: 4.7 pF electrolytic. 


‘) C109: 47 pF ceramic. 

(.) C111:4.7 pF electrolytic. 

() C168: 4.7 pF electrolytic. 

() C108: 2.7 pF ceramic. 

(/) Solder the leads to the foil and cut off the ex- 

cess lead lengths. 

Section 3 

) C155: 4.7 wF electrolytic. 

} C122: 4.7 uF electrolytic. 

J C121: 4.7 pF electrolytic. 

() C125: .012 pF (123G) polypropylene. Be sure 
you install this capacitor in the proper circuit 
board holes. 

) C126: 22 pF electrolytic. 

( } C124: .1 wF (104G) polypropylene. Be sure you 


install this capacitor in the proper circuit 
board holes. 


Y C127: 22 pF electrolytic, 
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(J C128: 22 pF electrolytic. 

{.) Solder the leads to the foil and cut off the ex- 
cess lead lengths. 

Section 4 

() C131: 4.7 pF electrolytic. 

(\) C133: 4.7 pF electrolytic. 

(.) C135: 22 pF electrolytic. 


(_) (C137: 4.7 pF electrolytic. 


(, ) Solder the leads to the foil and cut off the ex- 
cess lead lengths. 


C132, C134, C136, and C138 will be installed later. 
Refer to Pictorial 2-4 for the following steps. 


Section 1 


To install a plug, insert the short end of the pins 
into the circuit board holes and solder them to the 
foil. 


Install two 4-pin plugs at: 
(4 P101 


(\) P102 
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When you install a transistor, position the flat on* 


the transistor over the flat of the outline on the cir- 
cuit board. Then insert the leads into the circuit 
board holes and solder them to the foil. Cut off any 
excess lead lengths. 


FLAT 


FLAT 


(1 Q101: PN4393 (#417-998). 
( J Quo2: 2N4121 (#417-235). 


When you install a control, insert the leads and posi- 
tion the control against the circuit board. Then sol- 
der the leads to the foil and cut off any excess lead 
lengths. 


( 2 R144: 2000 2 (2k) control. 

When you install a relay, align the pins with the 
circuit board holes and insert them into the board. 
Solder the pins to the foil and cut off the excess 
lead lengths. 

») RY101: Relay. 

(4 


(~) R123: 6.8 Q, 1-watt (blu-gry-gld). 


R122: 6.8 0, 1-watt (blu-gry-gld). 


) Solder the leads to the foil and cut off the ex- 
cess lead lengths. 


Section 2 


) R154: 200 KO control. 


(.) R152: 2000 © (2k) control. 


ox, we % cnewes) 2 3 


A R137:10kO control. 

(J Q103: 2N4121 (#417-235). 

y R175: 90 Q, 1/2-watt (90RO or 9009C). 
(J R172: 10 kO, 1/2-watt (1002C). 
(,.) R171: 100 kQ, 1/2-watt (1003C). 

} R226: 10 kQ control. 

( R173: 1000 ©, 1/2-watt (1K or 1001C). 


(. Jy RY102: Relay. 


\ A” R174: 10 O, 1/2-watt (10RO or 1009C). 


( 9° Solder the leads to the foil and cut off the ex- 
cess lead lengths. 


Section 3 

R203: 200 kQ control. 
R202: 200 kQ control. 
R243: 200 kO control. 


R232: 10 kQ control. 


Refer to Pictorial 2-5 for the following steps. 


NOTE: When a step calls for hardware, only the 
screw size is given. For instance, if “6-32 x 3/8” 
hardware” is called for, it means you should use 
a 6-32 x 3/8” screw, one or more #6 lockwashers, 
and a 6-32 nut at the indicated mounting hole. The 
Detail referred to in the step will show the proper 
number and placement of each hardware item. Use 
the plastic nut starter furnished with the kit to pick 
up #4 and #6 nuts and start them onto screws. 

(_ ) Position a 78M15 IC (#442-667) as shown in 
Part A of Detail 2-5A and bend the leads 90°, 
3/4" from the center of the mounting hole. 


4 5 6 7 


Oo 8 1 «m2 2 4 5 6 7 8 


10 ” 2 13 “ 1» 10 ” 
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WARNING: The silicone grease you will use in the 
following steps helps transfer heat from the IC to 
the heat sink. The grease is not caustic, but make 
sure you do not get it into your eyes, ears, nose, 
mouth, or onto clothing. Always wash your hands 
after you use the grease. Keep this and all chemicals 
out of the reach of children. 

(.) Make a small cut in the silicone grease pod. 
Then apply a thin coating of grease to the 
metal side of the IC. 


U122: Refer to Part B of the Detail and insert 
the leads of the IC into holes I, G, and O. While 
holding the IC above the circuit board, slide 
a heat sink under the IC and line up the holes 
of the IC, heat sink, and circuit board. Secure 
the IC with 4-40 x 3/8” hardware. Center the 
heat sink in the circuit board outline and 
tighten the hardware. 


() Solder the IC leads to the foil and cut off the 
excess lead lengths. 


Similarly, install ICs and heat sinks at the following 
locations, Use 4-40 x 3/8" hardware and silicone 
grease on each IC. 


() 
Oy) 


U123: 79M15 IC (#442-775). 
U124: 7805 IC (#442-54). 
U104: 77000 IC (#442-776). 
U107: 77000 IC (#442-776). 


F101: Refer to inset drawing #1 and insert fuse 
clips at F101. Be sure to position the shoulder 
of each clip toward the outside as shown. 
Then insert a 1-ampere fuse into the clips to 
hold them in position, and solder the clips to 
the foil. 


F102: In the same manner, install fuse clips 
at F102, using a 3/16-ampere fuse. Then re- 
move the fuse. 


Refer to inset drawing #2, Part A and prepare 
the length of clear tubing. 


Refer to Part B of the inset and slide the pre- 
pared tubing over a 3/16-ampere fuse. Then 
push the fuse into the clips at F102. 


rd ) Refer to Detail 2-5B and cut off lugs 1, 2, and 
= 3 of section SW104 of the 4-section switch. 


SW101-SW104: 4-section pushbutton switch. 
Insert the lugs into the circuit board holes. Sol- 
der lug 1 of SW101 and lug 6 of SW104. Then 
check the switch assembly to be sure it is flat 
against the circuit board. If necessary, reheat 
the lugs to reposition the switch, then solder 
the remaining lugs. f 


NOTE: In the following steps, be sure to match the 
positive or negative marks on the capacitors with 
the corresponding marks on the circuit board. 

(.) C136: 3300 pF electrolytic. 

( ) C132: 1000 pF electrolytic. 

() 


() 


C134: 1000 pF electrolytic. 
C138: 1000 pF electrolytic. 


Solder the leads to the foil and cut off the ex- 
cess lead lengths. 


U125: Install a 79M05 IC (#442-683) vertically 
at U125. Position the metal side of the IC over 
the bold line of the outline as shown. Then 
solder the leads to the foil. 


Refer to inset drawing #3 and mount the long 
side of a bracket at CA. Use a 4-40 x 3/8” hard- 
ware. 


Similarly, mount another bracket at CB. 


() CTest: Set the remaining 150 pf mica capacitor 
aside. It will be used in “Tests and Adjust- 


ments”. 


NOTE: All remaining ICs will be installed later. 


Heathkit 


CIRCUIT BOARD CHECKOUT 


Carefully inspect the foil side of the circuit board 
for the following most-commonly-made errors. (Note 
that there are some unused holes in the circuit 
board.) 


() Unsoldered connections. 
(. ) Poor solder connections. 
(,) Solder bridges between foil patterns. 


(|) /Protruding leads which could touch together 
or touch the chassis when the circuit board 
is installed later. 


Refer to the illustrations where parts are installed 
as you make the following visual checks. 


(_) Transistors for the proper type and installa- 
tion. 


()) Electrolytic capacitors for the correct position 
of the positive (+) or negative (—) marked 
leads. NOTE: All electrolytic capacitors will 
have their negative (—) lead to the right of the 
capacitor except C136. 


() Diodes for the correct type and correct posi- 
tion of the banded ends. NOTE: All diodes will 
have their banded end to the right. 


(_ ) Soldered in ICs for the proper type and instal- 
lation. 


BOARD WIRING 


Refer to Pictorial 3-1 for the following steps. 
() Cut the length of 25-conductor flat cable to 10”. 


In the following steps you will separate the 10” flat 
cable into groups, making four cables and two indi- 
vidual wires. To do this, separate the wires at one 
end approximately 1/4” using a pair of cutters as 
shown in the inset drawing. Let the sharp edges of 
the cutter seat in the groove between the wires, and 
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then cut them apart. Then pull the group of wires 
from the cable. 


Position the cable so the outer black wire is toward 
the top as shown. Then pull the following groups 
from the cable and cut them to the dimensions given. 
NOTE: You can use the pictorial as a template. 

( ) One 12-wire cable (black through brown). 


( ) One 3-wire cable, cut to 4" (red through yel- 
low). 


( ) One wire, cut to 6-1/2" (green). 


( ) One 4-wire cable, cut to 5-1/4” (blue through 
white). 


( ) One 4-wire cable, cut to 4-3/4” (black through 
orange). 


( ) One wire uncut (yellow). 

Refer to Pictorial 3-2 for the following steps. 

NOTE: To prepare wires, as in the following steps, 
cut the wires to the lengths indicated and remove 
1/4" of insulation from each wire end. Tightly twist 
each bare wire end and add a small amount of solder 
to hold the fine strands together. 

Prepare each of these cables and the two wires, in 
the following steps, as shown in the Pictorial. Sepa- 
rate and shorten the wires as shown. NOTE: You 
can use the pictorial as a template. 


(|) 12-wire cable. Fold the 12-wire cable as shown 
after you have prepared all the wires. 


( ) 3-wire cable. 

( ) 6-1/2” green wire. 
() 5-1/4" 4-wire cable. 
() 4-3/4" 4-wire cable. 


( ) 10” yellow wire. 


Set the 4-3/4” 4-wire cable, and the green and yellow 
wires aside until they are called for later. 
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Refer to Pictorial 3-3 for the following steps. 

Connect the previously prepared cables to the main 
circuit board in the following steps. Solder them to 
the foil side and cut off the excess wire lengths. 
3-WIRE CABLE, End A: 

(~) Red to hole AU. 
(.) Orange to hole AV. 
(_) Yellow to hole AW. 


End B will be connected later. 


4-WIRE CABLE, End A: 

(\) Blue to hole BK. 

(..)_ Violet to hole BL. 7 
(J) Gray to hole BM. 

(Q . White to hole BN. 


End B will be connected later. 


12-WIRE CABLE, End A: 
(\) Black to hole AX. 
(.) Brown to hole AY. 
(.) Red to hole AZ. 

) Orange to hole BA. 
) Yellow to hole BB. 
) Green to hole BC. 

) Blue to hole BD. 

) Violet to hole BE. 


( ). Gray to hole BF. 


) White to hole BG. 


Oh me. ae 7 ancnes) 2 3 
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() Black to hole BH. 
(_) Brown to hole BJ. 


Position the cable as shown. End B will be con- 
nected later. 

{ ) Cut two 9” lengths of black wire. Remove 1/4” 
of insulation from each end of each wire. 


Twist the two black wires together to within 
1-1/2” of each end. 


() At one end of the twisted pair, connect either 
wire to hole AK. 


( ) Connect the other wire to hole AL. 
(|) Cut two 3/4” pieces of heat-shrink sleeving. 


NOTE: In the following steps, (NS) means not to sol- 
der because other wires will be connected later. “S-" 
with a number, such as (S-2), means to solder the 
connection. The number following the "S-” tells 
how many wires are in the connection. 


(.)_ Refer to Detail 3-3A and slide a piece of sleev- 
ing over the free end of each black wire. Then 
connect the wires to SW104 as follows. 


NOTE: Refer to the inset drawing on the Pictorial 
whenever a step directs you to “make a mechani- 
cally secure connection.” 


(_), Either lead to lug 1 (S-1). Make a mechanically 
secure connection. 


() The other lead to lug 2 (S-1). Make a mechani- 
cally secure connection. 


(_) Slide the sleeving over each switch lug. Then 
use the heat of a match or other source to 
shrink the sleeving over the lugs and wires. 


(.) Cut off SW104 lug 3 as close to the switch 
body as possible. 


(.) Position the black wires about 1-1/2" above the 
circuit board as shown in the Pictorial. 


4 5 6 7 


% 
1/8) 9/8 | 5/8, 7/8 
O 8 + (cm 2 3 4 8 ° 7 . ° 10 


” 2 2 ‘4 ” 10 ” 
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Refer to Detail 3-3B for the following three steps. 


(J) Position the display circuit board over the 

“main circuit board. Line up the bare wires 

coming from the foil side of the display board 

with holes BP, BR, BS, and BT. Then slide the 
wires into the holes. 


(4 Mount the display circuit board to brackets CA 
and CB on the main circuit board. Use 
4-40 Xx 3/8" hardware. 

(..) Solder the wires at BP, BR, BS, and BT on the 
main circuit board and cut off the excess lead 
lengths. Resolder the wires on the display 
board, if necessary. 


Connect the free end of the 3-wire cable to control 
Ri as follows: 


()) Red to lug 3 (S-1). 

( ) Orange to lug 2 (S-1). 
a) Yellow to lug 1 (S-1). 
Connect the free end of the 12-wire cable to the dis- 
play circuit board as follows. Push the wires into 
the indicated holes and solder them to the compo- 
nent side of the circuit board. Then cut off the excess 
wire lengths. NOTE: Holes CE through CL are not 
marked on the circuit board. Holes CA, CB, and CC 
are located between the LED display sockets and J1 
and J2. 

) Brown to hole CA. 

y Black to hole CB. 
») White to hole CC. 
) Gray to hole CM. 

) Violet to hole CL. 
(.) Blue to hole CK, 


(.) Green to hole CJ. 


) Yellow to hole CH. 


(.) Orange to hole CG. 
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( )° Red to hole CF. 
(.) Brown to hole CE. 
( 4 Black to hole CD. 


Set the circuit boards aside. 


CHASSIS ASSEMBLY 
Refer to Pictorial 4-1 for the following steps. 


(.) Refer to inset drawing #1 and peel the backing 
from a rubber foot. Then mount the foot as 
shown on the bottom of the chassis. Do not 
cover any holes. 


(.) Similarly, mount rubber feet in the remaining 
three corners of the chassis. 


( \)- Position the chassis as shown. 


( J Use a screwdriver or other tool to scrape off 
any paint around chassis holes DC, DF, DG, 
DH, and DJ (indicated with arrows). 


4 

( 4° TS1: Refer to Detail 4-1A and install a 4-lug 
terminal strip at TS1 on the outside of the rear 
panel. Use 6-32 x 3/8" hardware and position 
the solder lugs toward the bottom of the chas- 
sis. 


(4 Install a 6-32 x 1/2” screw with two #6 lock- 
washers at DC. Then install two #6 flat 
washers and a thumb nut on the screw as 
shown in the Pictorial. 


(. ). Refer to Detail 4-1B and mount a #6 solder 
lug at DH. Use a 6-32 x 3/8” screw and a 6-32 
nut. Position the lug as shown. 


(~J Similarly, mount another #6 solder lug at DJ. 


( ¥ Refer to Detail 4-1C and scrape the varnish 
from each side of both mounting flanges of the 
power transformer. 


(.) T1: Mount the power transformer at DF and 
DG with 8-32 x 3/8" hardware. Position the 
transformer leads as shown and form each 
group toward the side of the chassis. 
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(J Refer to inset drawing #2 and install cable ties 
around the six transformer secondary leads in 
the two locations shown. Cut off the excess 
cable tie length. 


Locate the 4-wire cable (blk-brn-red-org) you set 
aside earlier. 


(-) Refer to Detail 4-1D, Part A, and crimp and 
solder a spring connector on the end of each 
wire at end A of the cable. 

(_) S101/102: Position a 4-pin socket shell so the 
slots are up as shown in Part B of the Detail. 
Then position the spring connector on the 
black wire so the locking tab is up, and push 
it into hole 1 of the socket shell until it locks 
into place. 


Similarly, push the remaining spring connectors 
into the socket shell as follows: 


(°) Brown wire into hole 2. 
(.) Red wire into hole 3. 
( ) Orange wire into hole 4. 


Connect the wires at end B of the cable to the 4-lug 
terminal strip as follows. 


(.\) Black to lug 1 (S-1). 

(. ) Brown to lug 2 (S-1). 

(_) Red to lug 3 (S-1). 

( ) Orange to lug 4 (S-1). 

() Refer to Part A of Detail 4-1E and carefully 
remove the outer insulation from the end of 
the line cord as shown. 

(_) Twist the strands of each wire together and 
melt a small amount of solder on the ends to 


keep the strands together. Then trim the pre- 
pared ends to 1/4”. 
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() Refer to Part B of the Detail and insert the pre- 
pared end of the line cord through chassis hole 
DD. Position the strain relief as shown; then 
insert the prepared line cord end through the 
shoulder on the strain relief and back through 
the side hole. 


(.) Refer to Detail 4-1E, Part C, and route the pre- 
pared end of the line cord back through the 
upper hole in the strain relief and pull the cord 
tight. Then push the shoulder of the strain re- 
lief into chassis hole DD, Secure the strain re- 
lief with a #6 x 5/8" self-starting screw at hole 
DE. 


{..) Connect the green line cord wire to lug DH 
(S-1). Make a mechanically secure connection. 


(-) Connect one end of the previously prepared 
6-1/2" green wire to solder lug DJ (S-1). Make 
a mechanically secure connection. 


{) Install a cable tie around the line cord, the 
green wire from lug DJ, and the two black 
transformer wires. Position the ends of all the) 
wires even; then extend the small green wire 
1/2" in front of the others, and tighten the cable 
tie. Be sure the tie is at the edge of the line 
cord insulation as shown. Cut off the excess 
cable tie length. 


(J Write “3/16A, 3AG, Slow Blow” in the blank 
on the fuse label. 


() Peel the backing from the fuse label and install 
the label as shown. 


Refer to Pictorial 4-2 for the following steps. 


(.) Install the front panel and bezel on the chassis 
as shown. Use 6-32 x 3/8" flat head screws. 


{) SW1: Install the rotary switch (#63-1421) at 
SW1 on the front panel. Use two control lock- 
washers, a control flat washer, and a control 
nut. Position the switch with the solder lugs 
as shown. 


() Cut two 1" pieces of small bare wire. 
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Refer to inset drawing #1 for the following two 
steps. NOTE: Spacing between the switch lugs may 
be different then shown. 


(..) Connect a 1” small bare wire from switch SW1 
lug 1 (S-1) to lug 2 (NS). 


( )) “Connect a 1” small bare wire from switch SW1 
lug 5 (NS) to lug 6 (S-1). 


(») Turn the shaft of SW1 fully counterclockwise. 


(Jy Refer to inset drawing #2 and start a 6-32 x 
1/8" setscrew into the knob. 


(.) Install the knob on the shaft of SW1. Align 


the pointer with the 200 pF range position and 
tighten the setscrew. 


Refer to Pictorial 4-3 for the following steps. 

(..) Position the circuit board assembly as shown. 
Connect the wires of the line cord and transformer 
primary group as follows. Solder each lead to the 
foil and cut off any excess lead length. 

(. ) Green to hole AA. 

(_)- Either black transformer lead to hole AB. 

(.) The other black transformer lead to hole AH. 
(__}> Line cord white lead to hole AD. 

( .) Line cord black lead to hole AE. 


NOTE: No wires will be connected to holes AC, AF, 
AG, or AJ. 


Connect the secondary wires coming from trans- 
former T1 to the main circuit board as follows. Sol- 
der each lead to the foil and cut off any excess lead 
length. 

() Green/yellow to hole AM. 

(.) Either green to hole AN. 

(°) The other green to hole AP. 

(_) Red/yellow to hole AR. 

() Either red to hole AS. 


(;) The other red to hole AT. 
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() Refer to inset drawing #1 and cut the insulat- 
ing paper as shown. 


(, ) Peel the backing from the insulating paper. Po- 
sition it onto the foil side of the circuit board 
and press it into place. 


(_) Position the main circuit board in the chassis 
as shown. 


( }) Temporarily mount the main circuit to the 
chassis at DL and DM. Use two 4-40 x 3/8" 
screws. Tighten the screws only finger tight. 


Connect the free ends of the 4-wire cable to switch 
SW1as follows: 


{) White wire to lug 5 (S-2). 
(9. Gray wire to lug 4 (S-1). 
(9) Violet wire to lug 3 (S-1). 
(|) Blue wire to lug 2 (S-2). 


(.) Push 4-pin socket shell $101/102 onto P101 
at the rear of the main circuit board so the 
black wire is at pin 1 of P101. 


(_.) Carefully peel the backing from the blue and 
white label. Then press the label onto the rear 
panel in the area shown in inset drawing #2. 
Be sure to refer to the numbers on the label 
in any correspondence you may have with the 
Heath Company about your Digital LC Bridge. 


( ) Locate the calibration package (#100-1853) 
and remove the two alligator clips and the 820 
Q (gry-red-brn) resistor. 


(|). Refer to Detail 4-3A and install an alligator 
clip onto one lead of the resistor. Use as little 
heat as necessary to make the connection. 


( ). Similarly, install the other alligator clip onto 
the remaining lead of the resistor. 


(_) Return the resistor assembly to the calibration 
package until called for in a step. 


This completes the major assembly of your Heathkit 
Digital LC Bridge. Carefully inspect the chassis wir- 
ing for solder bridges, poor solder connections, and 
proper lead placement. Then proceed to “Tests and 
Adjustments.” 
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TESTS AND ADJUSTMENTS 


This section of the Manual is divided into two parts, 
“Resistance Checks,” and “Operational Tests.” In the 
first part, “Resistance Checks,” you will use an ohm- 
meter to verify wiring and component installation. 
In the second part, “Operational Tests,” you will use 
a DC voltmeter to make voltage measurements as you 
install designated integrated circuits on the circuit 
boards. 


You will need an ohmmeter that provides a 1,5-volt 
DC test voltage; most analog volt-ohmmeters (VOM 
or VTVM) have this test voltage. In addition, the 
meter should have a center-scale number greater 
than 5 but less than 50. 


You will also need a DC voltmeter for the opera- 
tional tests. It should have an input impedance of 
10 MQ or greater so it will not load down the circuit 
being tested and cause a false reading. We suggest 
that you use an analog meter. If you use a digital 
voltmeter, the readings for some measurements may 
be jittery. Do not use a meter that has its common 
lead connected to earth ground. 


IMPORTANT: Do not proceed with the following 
tests unless you have the recommended test instru- 
ments. 


RESISTANCE CHECKS 


CAUTION: Do not connect the line cord to an AC 
outlet until you are instructed to do so ina step. 


NOTE: In the following tests, if you do not obtain 
the proper results, do not proceed further until you 
have found and corrected the problem. Refer to the 
“Resistance Checks Problem Chart” on Page 34. 

Set the front panel controls as follows: 


( } POWER switch to the out (OFF) position. 


() Push either the L or C switch part-way in until 
both switches spring to the out position. 


( ) Set the RANGE switch to the 200 pF position. 
( 4 Be sure the “+15”, “-15", “+5”, and “-5” solder 


pads on the foil side of the main circuit board 
are not soldered together. 
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Refer to Pictorial 5-1 for the test point locations. 


NOTE: Most ohmmeters have a positive test voltage 
polarity (“+” input lead), while some others have 
a negative test voltage polarity. You will determine 
the polarity of your ohmmeter test voltage in the 
next four steps. 


() Connect the ohmmeter common test lead to 
the TP DC socket pin. 


(_ ) Set the ohmmeter range to X10 or X100. 


(_) Touch the ohmmeter input lead to the TP AC 
socket pin and note the resistance reading. 


(_) Reverse the ohmmeter leads and again note the 
resistance reading. 


If the first reading was lower than the second, your 
ohmmeter has a positive test voltage polarity. This 
identifies the ohmmeter input lead as the “+” lead. 
If the second reading was lower than the first, your 
ohmmeter has a negative test voltage polarity, iden- 
tifying the ohmmeter common lead as the “+” lead. 
Be sure to keep this in mind when you are directed 
to use the ohmmeter “+” or “—” lead in the follow- 
ing tests. 


CAUTION: In the following steps, use only the X10 
or X100 ranges of your ohmmeter. Other meter 
ranges may cause excessive currents or may produce 
erroneously low readings. 


Allow time for any capacitors in the circuit to charge 
before you take a final reading. 


(_) Connect either ohmmeter lead to the line cord 
round pin. Touch the other ohmmeter lead to 
the rear panel GND stud. The ohmmeter 
should read approximately 0 ohms. 


( ) Touch the ohmmeter lead to each line cord 
flat pin. The ohmmeter should read an open 
circuit (infinity) at each pin with the POWER 
switch in or out. 
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(_) Connect either ohmmeter lead to one line cord 
flat pin. Touch the other ohmmeter lead to the 
other line cord flat pin. The ohmmeter should 
read an open circuit (infinity) with the 
POWER switch out, and between 20 and 40 
ohms with the POWER switch in. Reset the 
POWER switch to the out (OFF) position. 


{) Connect the ohmmeter “-” lead to TP1. 


Touch the ohmmeter “+” lead to each of the points 
in Chart A and check for the readings indicated. 
NOTE: The symbol “>” in this chart means greater 
than; ~ means approximately. 


CHART A 
TEST POINT READING 
(y — GNDstud =0n | 
() U104, pina >20000 
(.)  U104, tab >30002 
(.)  U107, ping >15002 
()) U107, tab >800 
(.)> lofur22 >9000 
() 1P7 >60000 
() TPB >1000 
() lofut2s >400 
() lofute4 >10kA 
(.) TP9 >2000 2 
(lof U125 (tab) >400 
() TRIO >100kN 
«) P41 >752 


Reverse the ohmmeter leads, touch the “-” lead to 
the same test points, and check for the readings in 
Chart B. 
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CHARTB 
TEST POINT READING 
(.) GND stud =~00 
(.)  U104, pin >2000 2 
()  Ut04, tab >5000 2 
(.)  U107, pina >15000 
(.)  U107, tab >20k0 
()  lofur22 >350 
(.) 1P7 >300.2 
() TPB >6000.2 
() lofut23 >30kN 
() TPS >752 
()  lofutas >350 
() lof U125 (tab) >40ka 
() TP10 >2000 2 
(.) TRI >5000 2 


(_ ) Disconnect the ohmmeter leads. 


Proceed to “Operational Tests.” 


Heathkit 
RESISTANCE CHECKS PROBLEM CHART 


Check the circuit areas listed in the following chart 
for the cause of an improper resistance reading. Also 
inspect the foil areas connected or adjacent to the 
listed component(s) for solder bridges between foils, 
The most common errors in circuit board construc- 
tion are poor solder connections and solder bridges 
to adjacent foils. As you check the foils on a circuit 
board, it may be helpful to refer to the “Circuit Board 
X-Ray Views,” (Illustration Booklet, Page 27 and 28). 


If you still are unable to locate the cause of a prob- 
lem, refer to the “In Case of Difficulty” section of 
this manual. 
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PROBLEM 


Improper reading at line cord. 


POSSIBLE CAUSE OF LOW READING 


1. Wiring at AB to AL on main circuit board, at SW104, or at 
solder lug DH. 

T1. 

F102. 

. SW104. 


Pep 


\mproper reading at GND stud. 


1. Wiring at AA on main circuit board or at solder lug DJ. 


Improper reading at U104, pin 4. 


1. Short in +15 volt circuitry. 
2. U104. 


Improper reading at U104, tab. 


1. Short in — 15 volt circuitry. 
2. U104. 


Improper reading at U107, pin 4. 


1. Shortin +5 volt circuitry. 

2. u107. 

3. Wiring at AZ on main circuit board and CE on display circuit 
board. 

4. SW101, Sw102. 


Improper reading at U107, tab. 


1. Short in —5 volt circuitry. 

2. U107. 

3. Wiring at AY on main circuit board and CF on display circuit 
board. 


Improper reading at | of U122. 


1, C132. 
2. D118, D119. 
3. U122. 


Improper reading at TP7. 


1, C131. 
2. U122. 
3. “+15" solder pads not open. 


Improper reading at TP8. 


~ C133, 
. U123. 
. 15" solder pads not open. 


ers 


Improper reading at | of U123. 


. C134, 
0121, D122. 
U123. 


eno 


b 
Improper reading at TP9. 


. C135. 
. UI124. 
}. “+5” solder pads not open. 


eno 


Improper reading at | of U124. 


. C136. 
D124, D125. 
. U124. 


ene 


Improper reading at | of U125. 


1. C138. 
2. D126,D127. 
3. U125. 


Improper reading at TP10. 


1. V301 to V304. 

2. D123. 

3. Wiring at AX on main circuit board, and CD on display circuit 
board. 


Improper reading at TP11. 


1. C137. 
2. U125. 
3. *-5" solder pads not open. 
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OPERATIONAL TESTS 


This part of the “Tests and Adjustments” contains 
a series of tests that will check out your Digital LC 
Bridge to make sure it is operating correctly. You 
will also install the ICs, each at the proper time, 
as you go through these tests and verify all of the 
circuits. Be sure you follow the IC installation in- 
structions carefully. 


Refer to Pictorial 5-2 for the locations of controls 
and test points. 


PRESETTING THE CONTROLS 


() Preset the controls on the main circuit board 
as follows: 


20 CAL — Fully CCW 

200 CAL — Fully CCW 

LO D ZERO — Center of rotation 
HID ZERO — Center of rotation 
DCAL — Center of rotation 

VALUE CAL — Fully CCW 

2000 CAL — Fully CCW 

VALUE ZERO — Center of rotation 
BUFFER ZERO — Center of rotation 


( ) Unplug $101/102 from P101 at the rear of the 
main circuit board, and push the wires against 
the rear panel to keep them out of the way. 


() Preset the LEAD NULL control on the front 
panel fully CW. 


( ) Set the RANGE switch to the 200 pF position. 


() Push the “C” switch in. 


HOW TO MAKE THE TESTS 


Use the following sequence for each test in the 
Charts. 


1. Read the “Instruction or Test” information in 
each step carefully. It will tell you what to 
measure, or what the procedure is, and what 
the results should be. 


2. Before you follow any instruction where an 
IC is to be installed or a solder connection 
is to be made, turn off the LC Bridge power 
(POWER switch out). Then, after you have 
performed the operation, turn the LC Bridge 
power back on and proceed. 


Be sure you obtain the correct test results in each 
step before you proceed. If you do not obtain the 
proper results, turn off the power to the Digital LC 
Bridge and refer to the “Area of Possible Problem” 
column. 


The “Area of Possible Problem” column tells you 
where to look for the difficulty. When a particular 
part is mentioned, check that part and the other com- 
ponents connected to it to see that they are installed 
and/or wired correctly. Refer to the “Circuit Board 
X-Ray Views” or to the schematic to help you locate 
these other components. More specifically: 


@ Check diodes for the correct position of the 
banded end, and electrolytic capacitors for the 
correct position of the “+” or “—" marked 
leads. 


© When an IC is listed, be sure the correct IC is 
installed at that location, and make sure pin 
1 is in the correct position. Note that all ICs 
on the main circuit board have pin 1 located 
in the same position. 


@ Carefully check the ICs and make sure no pins 
have accidentally bent underneath the IC. 
Make sure all pins are in their socket holes. 


e@ Carefully inspect the foils near the circuit areas 
listed in the chart for solder bridges. Compare 
the foil areas with the “Circuit Board X-Ray 
Views.” 


e If you are still unable to locate the problem, 
refer to the “In Case of Difficulty” section of 
the Manual for further assistance. 
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CAUTION: When you make voltage measurements, NOTES: 1. All voltage readings are +10% unless 


be sure to touch your voltmeter probe only to the otherwise stated. Calibration standard 
indicated test point. Should your probe slip and values displayed during these tests 
short to an adjacent pin, connection, or wire, severe may not be accurate. 


damage to the LC Bridge could result. 

2. When a waveform is referred to in a 
step, see “Waveforms” on Page 68. Use 

WARNING: Hazardous voltages are present in these waveforms, along with DC volt- 

several areas of the LC Bridge when the line ages and visual checks, to verify proper 

cord is connected to an AC power source. See circuit operation when you are not sure 

Pictorial 5-2. Be especially careful to avoid you obtained the correct results in a 

these areas when you are making voltage mea- step. 

surements, 


(=) Push the POWER switch in and proceed to 


step #1. 
(J Connect the line cord to a 120 VAC outlet. Refer to Pictorial 5-2 for the location of the test 
points. 
) Connect the common lead of a DC voltmeter 
to TP1. 
INSTRUCTION OR TEST AREA OF POSSIBLE PROBLEM 
1. Measure: 1, C131, C132; or C133, C134, 
() +15 volts at TP7. 2. D118, D119, D121, or D122. 
(.)—15 volts at TP8. 3. U122 or U123. 
4. Wiring at AB to AL, at AR to AT, or at SW104 on the main 
circuit board. 
5. F102. 
6. T1. 
7. SW104. 
2. Measure: 1. C135, C136; or C137, C138. 
(_) +5 volts at TP9. 2. D124, D125, D126, or D127. 
( .) -5volts at TP11. 3. U124 or U125. 
4. Wiring at AM to AP on main circuit board. 
3. ( ) Turn the LC Bridge off, unplug the line cord, and re- 
move the two circuit board mounting screws. Turn the 
board over and solder the +15, —15, +5, and -5 
solder pads together. Remount the circuit board, con- 
nect the line cord and the common meter lead, and 
turn the LC Bridge on. 
4. Measure: 1. Short or open in +15 or — 15 power supply circuits. 
(\) #18 VDC at TP7 and U104 pin 4. 2. C141 to C166. 
(15 VDC at TP8 and U104 tab. 3. RI77. 
4. U104, U122, U123. 
5. Measure: 1. Shortor open in +5 or —5 power supply circuits. 
( ) +5 VOC at TP9 and U107 pin 4. 2. C167 to C171, C307, C309. 
(.) =5 VDC at TP11 and U107 tab. 3. RI78. 
(_) +4.7 VDC at TP10 and V304 pin 14. (foil side of the 4. U107, U124, U125. 
display board). 5. D123. 
6. Wiring at AX, AY, or AZ on main circuit board; at CD, CE, 
or CF on display circuit board. 
7. SW101, SW102. 
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NOTE: Some of the integrated circuits used in the 
LC Bridge are CMOS (complementary metal oxide 
semiconductor) devices. They are rugged and reli- 
able parts once they are installed, but they may be 
damaged by static electricity as you install them. 
The remaining ICs are not subject to the same kind 
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of damage. However, you should treat all ICs as 
though they were of the CMOS type to avoid any 
confusion between them, thereby providing the 
proper protection in every instance. Use the proce- 
dure, described in Detail 5-2A, without interruption, 
to install an IC. 


INSTRUCTION OR TEST 


AREA OF POSSIBLE PROBLEM 


6. () Unplug the line cord and unmount the circuit board. 
Install a 7107 IC (#442-724) at U301 on the display 
circuit board. Remount the board and reconnect the 
line cord. Be sure the C switch is still pushed in, and 
tur the Bridge on. 


7. (.) Short the LAMP and TEST socket pins on the display 
circuit board together. The display should show “1888.” 
Unshort the pins; display should read “000.” Short to- 
gether SW101 pins 1 and 2. Rotate LO D Zero CW. 
The display should increase from “000” to approxi- 
mately “028”. Recenter the control. 


1. R133, R134, R137 to R139, R176, R241, R242, R301 to 
R304. 


. C301 to C306, C308 

V301 to V304 

|. Wiring at AX to BF on the main circuit board, or CD to CM 
on the display board. 

5. U301. See waveforms 27 to 30. 


POR 


8. (_) Tum off the power and install the “D" ROM IC (#444- 
329) at U119. 
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INSTRUCTION OR TEST AREA OF POSSIBLE PROBLEM 
_—______| 
9. ( ) Use the DC voltmeter to verify the high (H) and 1. U119. See Logic Charts |, and Il on Pages 71 and 72. 
low (L) voltage conditions shown in the following 2. R179 to R182. 
“truth table” for U119. The letter H corresponds to 3. Wiring at BK to BN on main circuit board, or at SW1. 
a voltage greater than 2.4 VDC, and the letter L 4. SW1. 
corresponds to a voltage less 0.5 VDC. Voltages 
may vary during switching. Disregard any display 
readings. 
RANGE U119 pin 
423 £255.04 7 
200 pF Be, I eB a 
2nF Bw WH Mm et 8 
20 nF Bik Be SBE lt 
200 nF oA tL WH tt OA 
2uF LS: a) a ed Oo | 
20 uF Bo I CW fe Ob 
200 pF 8&8 kB © Ct 
2000 pF Hoi How bE OW 
140. (  ) Tur off the power and install the “LIC” ROM IC 
(#444-330) at U121. 
11. (-) Verify the following “truth table as you did above 1. U121. See Logic Charts |, IIl on Pages 71 and 73. 
instep 9. 2. D115,D116. 
3. RY101, RY102. 
RANGE U121 pin 
h - 2 OBS 
200 pF & b be oe aR 
2nF H oC ob ify OW {Ry A 
20 nF ee eam + oad We Va 
200 nF Lc ey ee ee ae a | 
2uF KB A Re Ee 
pF LoL HHLLL 
20pF LL HHAHLLEL 
200nF LL HHLLUCL 
12. ( ‘) Verity the following displays. 1. V302 to V304. 
2. R183 to R185. 
RANGE DISPLAY 3. Wiring at BG to BJ on main circuit board, or CA to CC on 
200pf 00.0" display circuit board. 
2nF “000” 4. U119. 
20nF “0.00" 
200 nF “00.0” 
2yF 000" 
20 nF “0.00” 
200 wF “00.0" 
2000 pF “000" 
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INSTRUCTION OR TEST 


AREA OF POSSIBLE PROBLEM 


13. Tur off the power and install the following ICs. 
()) U101: TLoe1 IC (#442-679). 
(.)" U102: DG211 IC (#442-770). 
(\) , U103: CA3280 IC (#442-777). 
(). Setthe LIC Bridge RANGE switch to 200 pF. 


(_) Connect one end of the yellow wire set aside 
earlier to TP AC. 


(_) Connect the DC voltmeter common lead to TP1 
and the other lead to TP DC. 


In the following steps you will test for AC voltages. The free end of the yellow wire will be connected to the indicated test point. The 
test voltage is then measured at TP DC. Be careful to touch only the test point with the wire. 


INSTRUCTION OR TEST 


AREA OF POSSIBLE PROBLEM 


14. (_ ) Touch the yellow wire to TP2. Measure +3.6 (=.8) 
voc. 


1. U101 circuitry, See waveform 1. (Refer to “Waveforms” on | 
Page 68). 

2. R246. 

3. C129. 

4. Q101. 

5. D101, 0102, D117. 

6. U101, U102. 


5. (_) Touch the yellow wire to TP3. Measure +.9 (+.3) 
voc. 


1. U10386 circuitry. See waveform 2. 
2. U104 circuitry. See waveforms 3, 4. 
3. R147, R162, R165 to R167. 

4. Q102. 

5. D103, D104. 

6. SW102, pins 8, 9 circuitry. 

7. U103, U104. 


16. Tum off the power and install the following ICs. 
(.) U105: LF3s3 (TL072) IC (#442-707). 
() U106: LF353 (TL072) IC (#442-707). 
(*) U111:LF353 (TL072) IC (4442-707). 


(.) U112:MC1458 IC (#442-21). 


17. (_) Check U105 pin 7 for — 10 VDC. 


. R141 to R146, R163. 
. U105. 


p= 


18. (*/) Touch the yellow wire to TP4. Measure +1.0 (+.2) 
voc. 


U106A circuitry. See waveforms 5,6, and 7. 

F101. 

R123, R147. 

. Open at J1 and/or J2. 

. Wiring at BP to BT on main circuit board, or jumpers to display 
circuit board. 

6. U106. 


geens 
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STEP INSTRUCTION OR TEST AREA OF POSSIBLE PROBLEM 


19. (') Touch the yellow wire to U111 pin 7. Measure +2.7 1. U111A and U111B circuitry. See waveforms 5, 6, and 7. 
voc. 2. U112A and U112B circuitry. See waveforms 16 and 17. 
3. R207, R218. 
4, 0107, 0108, D111. 
5. Q102. 
6. swioz. 
7. U103, U111, U112. 
20. ( }/ Touch the yellow wire to U105 pin 1. Measure +.8 VDC. 1. U105A circuitry. See waveforms 8 and 9. 
2. Wiring at AW on main circuit board, or at control R1. 
3. U105. 
21. Turn the power off and install the following ICs: 
(4 U108: 4052 IC (#442-774). 
( WO U116: DG211 IC (#442-70). 
(.)/ U117:LF353 (TL072) IC (#442-707). 
(__)» Insert the 150 pF mica capacitor (CTEST) 
between J1 and J2. 
22. ( Y Touch the yellow wire to TPS. Measure +.07 (=.03) 1. U107 circuitry. See waveforms 10 and 11. 
voc. 2. U108 circuitry. See waveforms 12 and 13. 
3. U116B and U116C circuitry. 
4. U106B circuitry. 
5. RY102. 
6. R1,R171. 
7. C108, C109. 
8, D105, 0106. 
9. Wiring at AU on main circuit board, or R1. 
10.SWi02. 


11, U106, U107, U108, U116. 


23. (\)-Touch the yellow wire to TP6. Measure +1.8 (+.3) 1. U117A and U117B circuitry. See waveforms 21, 23, and 24. 
voc. 2. U116A circuitry. 
3. R224, R228, R232 to R234. 
4. SW102. 
5. U116, U117. 
24. ()Turn off the power and install an MC1458 IC (#442- 
21) at U118. 
25. ( ) The display shows “150.0° (= 20.0). 1. U118 circuitry. See waveforms 25 and 26. 
2. U301 circuitry. 
Set the RANGE switch to 2 nF position. The display 3. Ri, R131 to R134, R172, R173, R176, R243 to R245. 
should show “.150" (=.030). 4. C108, C109, CTEST 
5. Wiring at AU to AW on main circuit board, R1. 
Set the RANGE to the 20 nF position. The display 6. SWi02. 


should show 0.15" (=.15). 


26. Tum off the power and install the following ICs: Ty 
(4 u109: DG211 1G (#442-770). 
( 4 U113:LM311 IC (#442-75). 
(.) U114: CAs2e0 IC (#442-777). 


() U115:LF353 (TL072) IC (#442-707). 


(_)  Setthe RANGE switch to 200 pF. 


Page 42 


Heathkit 


INSTRUCTION OR TEST AREA OF POSSIBLE PROBLEM 
27. ( ) Measure +2.5 VDC at U113 pin 7. 1. U113 circuitry. See waveform 18. 
2. U109. 
28. ( ) Push and hold the "D" switch in. The Display should 1. Ifthe “C” value varies more than 5% different from step 25. 
show “.010" (+.010). NOTE: It may take up to one A. U109 circuitry. See waveform 19. 
minute for reading to stabilize. B. U114 circuitry. See waveforms 20 and 22. 
C. U115 circuitry. 
(.) Remove the 150 pF (CTEST) capacitor. Solder a 1 D. D112. 
MQ (brn-bik-grn) resistor, RTEST, in parallel with E. Q103. 
CTEST. Then install the assembly at J1/J2. Hold the 2. U114B circuitry. 
“D" switch in and adjust D CAL to display “1.060” 3. U115B circuitry. 
(=.010). It may be necessary to cut W104 open. 4. RTEST. 
(_) Remove the test assembly. 
29. Locate the Calibration Pack, #100-1853. In the following 
five steps, you will use parts from this package. Be sure 
to insert the “+” lead of capacitors into the “+” marked 
jack (J1) or the “—" lead into the “—" marked jack (J2). 
Use long-nose pliers to help insert the leads into the jacks. 
30. ( ) Set the RANGE switch to 200 nF and insert the 150 1. U108 circuitry. 
nF (.15 uF) capacitor. The display should show ap- 2. U116C circuitry. 
proximately “150.0°. Remove the capacitor and set 3. R174, R175. 
itaside. 
= 
31. ( ) Set the RANGE switch to 20 uF and insert the 15 1. U102 circuitry. 
#F capacitor. The display should show approxi- 2. U109B, D circuitry. 
mately "15.00". Remove the capacitor and set it 3. U116B, D circuitry. 
aside. 4. RY101, RY102. 
5. R122, R123, R174. 
32. ( ) Setthe RANGE switch to 200 ,F and insert the 150 
uF capacitor. The display should show approxi- 1. U109A circuitry. 
mately “150.0". Remove the capacitor and set it 
aside. 
33. ( ) Set the RANGE switch to 2000 uF and insert the 1. U116A circuitry. 
1000 ,.F capacitor. The display should show approxi- 2. R122, R123. 
mately “1000". Remove the capacitor and set it 3. RY101, RY102. 
aside. 4. U104, U107, U116. 
34. ( ) Setthe RANGE switch to 200 nF and insert the 150 1. SW102 circuitry. 
nF (.15 4) capacitor. Push the "L” switch. The dis- 
play should show approximately “170.0”. Remove 
the capacitor and set it aside. 
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Push the POWER switch off (out) and unplug 
the line cord. 


Disconnect the yellow wire and the voltmeter 
leads. 


Remove the two 4-40 x 3/8" screws that hold 
the main circuit board in place at DL and DM. 
Then place #4 lockwashers over the screws 
and loosely reinstall them. Tighten the screws 
only finger tight. 


Loosely install two 4-40 x 3/8” screws and #4 
lockwashers at DQ and DR to secure the dis- 
play circuit board. 


( 


( 
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) Loosely install two 4-40 x 3/8" screws and #4 


lockwashers at DN and DP on the main circuit 
board. Now tighten all six mounting screws. 


Connect $101/102 to P101 (NORM) on the 
main circuit board. 


Return all calibration parts to the Calibration 
Pack. 


This completes the “Tests and Adjustments.” Pro- 
ceed to “Calibration.” 
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CALIBRATION 


There are two different methods you can use to cali- 
brate your Digital LC Bridge. You can use the resistor 
and four capacitors in the calibration package (#100- 
1853) supplied with your kit; or you can use labora- 
tory standard capacitors and a precision dissipation 
resistor of exact, known values. Refer to the 
“Specifications” if you want to compare the ac- 
curacies of these two methods. 


e@ If you intend to use the calibration package, 
proceed directly to “Adjustments” on Page 45. 
NOTE: If your LC Bridge has not been calib- 
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rated in the last six months, complete the in- 
structions in “Supplied Reference Mainte- 
nance” on Page 47 to “reform” the capacitors 
before you start these adjustments. Note also 
that there should be a 24-hour rest period after 
the “reforming” before you use the capacitors. 


@ — If you intend to use the laboratory (high preci- 
sion) method, refer to “Laboratory Standards 
Preparation” below. You will need four 
capacitors and a resistor with certified (or mea- 
sured) values within 0.1%. 


LABORATORY STANDARDS PREPARATION 


To calibrate your Digital LC Bridge with laboratory 
standard components, either use capacitors that 
have a certified value at the required frequency, or 
capacitors that have been measured on a high-preci- 
sion instrument to provide “transfer” accuracy. This 
instrument must provide a sinusoidal test voltage 
at a frequency of 1000 Hz or 120 Hz as indicated 
below. For a dissipation standard, use a resistor with 
a certified value, or measure a resistor on a high-pre- 
cision ohmmeter to determine its value within 0.1%. 


The laboratory standard components you will need 
are listed below. 


150 nF standard—Use any value between 100 nF 
(.10 uF) and 190 nF (.19 pF) known within 0.1% 
at 1000 Hz. It must have a dissipation of 0.2% (.002) 
or less. 


15 .F standard—Use any value between 10 wF and 
19 pF known within 0.1% at 120 Hz. It must have 
a dissipation of 10% (.10) or less. 
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150 ,F standard—Use any value between 100 pF 
and 190 4F known within 0.1% at 120 Hz. It must 
have a dissipation of 10% (.10) or less. 


1000 ,.F standard—Use any value between 1000 uF 
and 1900 4F known within 0.1% at 120 Hz. It must 
have a dissipation of 10% (.10) or less. 


Dissipation standard—This calibration value results 
from the parallel connection of a resistor (R) and 
the 150 nF standard capacitor (C). The approximate 
value for R is determined from: 


R=120/C Where R is in kQ, and C is in nF 
(.001 pF). 
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For a 100 nF capacitor, approximately 1200 0 is re- 
quired; and for a 190 nF capacitor, approximately 
630 © is required. Once you have determined the 
general value, measure the resistor’s exact value 
within 0.1%. Also measure the Digital LC Bridge test 
frequency on the 200 nF range to within 0.1%. You 
can then calculate a dissipation standard number 
(approximately 1.200) from: 

D = 1000/(6.283 x fx Rx C) Where f is in kHz, 
R in kQ, and C is 
in nF, 


ADJUSTMENTS 


NOTE: If you are using the calibration package, you 
must calibrate the Digital LC Bridge at the ambient 
temperature indicated on the envelope. Calibration 
at a temperature other than this may result in an 
adjustment error as high as 1% per degree 
Fahrenheit, or you might even be unable to adjust 
the Bridge to the required value. If you are using 
laboratory standards, calibrate the Bridge at the rated 
temperature (marked on the standard), or the tem- 
perature at which you measured the standards. 


(_) If necessary, remove the 8 cabinet screws and 
slide the cabinet off (toward the rear panel). 


() Plug the line cord into an AC outlet and turn 
the Digital LC Bridge on. 


() Push the“ 


’ switch in. 


NOTE: Allow the Digital LC Bridge to warm up at 
least one hour before you proceed with the calibra- 
tion. 


PRESETTING THE CONTROLS 


Perform these steps if you are not familiar with the 
locations of the various controls, or if you have re- 
cently repaired the Digital LC Bridge. If it has been 
recently factory serviced, calibration was done at 
that time and would not normally be required now. 


If you just completed the assembly of your Digital 
LC Bridge, you will have already preset these con- 
trols; proceed to the “Fine Adjustments.” 


This section will: 


A. Familiarize you with the locations and names 
used to identify the calibration controls and 
jumpers. 


B. Minimize the possibility of erroneous high or 
low readings which may occur during the 
calibration, due to randomly set controls. 


C. Improve the effectiveness of voltage and resis- 
tance measurements during troubleshooting if 
a problem should arise during calibration. 
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Refer to Pictorial 5-2 for the following steps. 


Set the switches, controls, and jumpers as follows: 


20 CAL Fully Counterclockwise 
200 CAL Fully Counterclockwise 
LOD ZERO Center of rotation 
HID ZERO Center of rotation 
DCAL Center of rotation 
VALUE CAL Fully Counterclockwise 
2000 CAL Fully Counterclockwise 
VALUE ZERO Center of rotation 


BUFFER ZERO Center of rotation 
W101toW104 Closed 


Set the front panel LEAD NULL control fully 
clockwise. 


Proceed to the “Fine Adjustments.” 


FINE ADJUSTMENTS 


NOTES: 


1, 


Handling the body of the calibration 
capacitors during the following steps may 
heat them and cause a temporary value 
change. Therefore, handle them only by their 
leads and for only the shortest possible time. 
You may also use needlenose pliers to 
minimize heating. 


If you will be using the components from the 
calibration package, be sure to save the en- 
velope for future use. 


If you fail to obtain the desired results in any 
of the following steps, refer to the “In Case 
of Difficulty” section. Locate and correct any 
problem before proceeding to the next step. 


When a standard component is called for, use 
the appropriate value from the calibration 
package, or the appropriate component from 
your laboratory standards. 


Refer to Pictorial 5-2 for the following steps. 


ds 


Set the RANGE switch to 200 nF. Set the 
BUFFER ZERO control fully clockwise. Then 
adjust the VALUE ZERO control for a display 
of “00.0”. 


10. 
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Set the BUFFER ZERO control fully counter- 
clockwise. Some value; for example, “02.0” 
should be displayed. Slowly adjust the BUF- 
FER ZERO control clockwise until the display 
just changes from “00.1” to “00.0”, Then ro- 
tate the control clockwise an additional 30° 
(one “hour” of a clock). 


Install the 150 nF (.15,F) standard capacitor. 


Set the RANGE switch to 20 pF. Adjust the 
VALUE ZERO control to show the capacitor 
value rounded to 2 digits; for example, 
“153.6” would become “0.15”. 


Set the RANGE switch to 200 nF. Set the 
VALUE CAL control fully counterclockwise 
and observe the display. If the value dis- 
played is higher than that of the 150 nF stan- 
dard, cut jumper W101. If the display still 
reads higher, or if W101 has already been cut, 
cut jumper W102. If the display is still higher, 
cut W103. The proper number of jumpers has 
been cut when the display is at least 20 counts 
(ignoring the decimal point) below the “150 
nF standard” value. Then adjust the VALUE 
CAL control until the display reads the 150 
nF standard value. 


Repeat steps 4 and 5 until no further adjust- 
ment is required, 


Set the RANGE switch to 20 uF. Then install 
the “15 y.F standard” capacitor. Be sure to ob- 
serve the polarity markings on the capacitor. 
Adjust the 20 CAL control to display the 15 
»F standard value. 


Set the RANGE switch to 200 pF and install 
the 150 pF standard capacitor, observing po- 
larity. Adjust the 200 CAL control to display 
the 150 pF standard value. 


Set the RANGE switch to 2000 pF and install 
the 1000 uF standard capacitor, observing po- 
larity. Adjust the 2000 CAL control to display 
the 1000 pF standard value. 


Reinstall the 150 nF standard capacitor. 
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NOTE: The HI D ZERO and LO D ZERO controls 
in the following steps have a zero position 
(the display shows “.000”) where num- 
bers displayed clockwise from the zero 
are considered positive (+) and numbers 
displayed counterclockwise from the zero 
are considered negative (—). All settings 
must be set clockwise from the zero to be 
positive values. 


11. Set the RANGE switch to 200 nF. Set the HI 
D ZERO control fully clockwise. Push the D 
switch in and hold it while adjusting the HI 
D ZERO control counterclockwise to display 
a positive “.002”. Do not adjust past the zero 
point. Set the RANGE switch to 2 uF, hold 
the D switch in, and adjust the LO D ZERO 
control first fully clockwise, and then 
counterclockwise, to display a positive 
“002”. 


12. Set the RANGE switch to 200 nF. Hold the 
D switch in and note this display reading. 
While still holding the D switch in, set the 
RANGE switch to 2 4F and readjust the LO 
D ZERO control to the same display reading. 
Do not adjust it through the zero point. 


13. Set the RANGE switch to 200 nF. Connect the 
dissipation standard resistor in parallel with 
the 150 nF standard capacitor. 


14. Hold the D switch in and adjust the D CAL 
control to display the dissipation standard 
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value within +.002. If you are unable to ad- 
just up to the required display, cut jumper 
W104. If you are unable to adjust down to 
the required display, close jumper W104 (if 
open). 


15. Disconnect the dissipation standard resistor 
and repeat steps 12 to 14 until no further ad- 
justment is required. 


16. Disconnect the 150 nF standard capacitor. Set 
the RANGE switch to 200 pF. Adjust the front 
panel LEAD NULL control to display the low- 
est number, typically less than “00.5”. 


(_) Return the calibration references to the cali- 
bration package. Store these components as 
described in “Supplied References Mainte- 
nance.” If you used calibrated laboratory stan- 
dards, store them as you would the supplied 
references. 

NOTE: The inductance (L) ranges of the Digital 

LC Bridge have been calibrated as a result 

of the capacitance (C) calibration. 


(_) Turn the Digital LC Bridge power off and dis- 
connect the line cord from the AC outlet. 


This completes the calibration of your Digital LC 
Bridge. Be sure to read “Maintaining Your Bridge’s 
Accuracy” on Page 48 before proceeding to “Final 
Assembly.” 


SUPPLIED REFERENCE MAINTANENCE 


GENERAL 


The calibration components you received with your 
Digital LC Bridge should provide several years of 
stability and precision if you store and handle them 
as follows, and reform them regularly. 


1. Do not allow these calibration components to 
be exposed to temperatures outside the range 
of 60 to 900F (15 to 32°C). Prolonged storage 
at high or low temperatures will irreversibly 
alter their values. 


2: Do not mechanically stress the leads of these 
components. Use needlenose pliers to insert 
the leads into the LC Bridge input contacts. 
This will not only minimize heating of parts, 
but also will minimize stress on the leads. 


3. At least annually, but not more than twice a 
year, perform the following “Capacitor Re- 
forming” steps. For the 15 pF, 150 pF, and 
1000 pF electrolytic capacitors, and to a lesser 
degree for the 150 nF (.15 ,F) film capacitor, 
the application of a forming voltage reduces 
the tendency of the electro-chemical structure 
in these parts to degrade and/or drift. 


EE EEE OO 
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CAPACITOR REFORMING 


NOTE: This procedure should not be required with- 
in the first six months of the purchase date. 


( ) Connect the line cord to an AC outlet and turn 
the Digital LC Bridge power on. 


(_) Move S101/102 from P101 (NORM) to P102 
(CAL) at the rear of the main circuit board. 


Refer to the CAL row markings for terminal strip 
TS1 on the rear panel for the following capacitor 
connection steps. 


() Loosen the “—” and “+15” screws on rear 
panel terminal strip TS1, and then carefully 
secure the leads of the 150 nF (15 pF) 
capacitor under the screw heads. Position the 
lead with the band or color dot to the “—” 
screw. This connects a 15 VDC source to the 
capacitor through a current-limiting resistor. 
Allow the capacitor to “form” for approxi- 
mately one hour. Then remove it and set it 
aside. 


CAUTION: Be sure to observe the polarity markings 
on the electrolytic capacitors in the following steps, 
so they are not reverse-voltaged. Also be sure to at- 
tach them to the correct terminals or they may be 
over-voltaged. If either condition occurs, the value 
of the capacitor may be irreversibly altered. 


(_) Loosen the “—” and “+5” screws then secure 
the ends of the leads of the 15 “#F capacitor 
under the screw heads. This connects the 
capacitor to a 5 VDC source through a current- 
limiting resistor. Allow the capacitor to “form” 
for approximately one hour. Then remove it 
and set it aside. 


(_) Similarly connect the leads of the 150 uF 
capacitor to the “—” and “+5” terminals. 
Leave the capacitor connected for approxi- 
mately one hour. Then set it aside. 


(_) Similarly connect the leads of the 1000 uF 
capacitor to the “—” and “+5” terminals. 
Leave the capacitor connected for approxi- 
mately one hour. Then set it aside. 


No conditioning of the reference resistor is neces- 
sary. 


(_ ) Remove $101/102 from P102 and reconnect it 
toP101. 


(_) Tighten the terminal strip screws. 


(_) Allow a 24 hour minimum rest period before 
you use the capacitors for calibration, Mark 
the date the capacitors were conditioned on 
the calibration package envelope as a remin- 
der. 


MAINTAINING YOUR BRIDGE’S ACCURACY 


1. Because the initial aging of its components 
may cause small calibration shifts in your Dig- 
ital LC Bridge, it may take some time for a 
newly-assembled Bridge to fully stabilize. 


2; Even Digital LC Bridges that have stabilized 
over a period of time may still have small cali- 
bration shifts when they are exposed to high 
or low temperature extremes for the first time. 
If you are likely to use your Digital LC Bridge 
over a wide temperature range, you should 
expose it for a period of time to both the high 
and low temperatures, and then recalibrate it. 


2: All precisicn instruments require regular re- 
calibration to ensure maximum accuracy, 
even after time and temperature stabilization. 
The period between calibrations may vary 
from a few weeks for newly-assembled instru- 
ments to several months for those that have 
fully stabilized. You should also consider re- 
calibration prior to critical use. 


4. When you are in doubt about the accuracy 
of your Digital LC Bridge, verify it only 
against a precision standard. Other forms of 
verification may be significantly in error. 
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FINAL ASSEMBLY 


CABINET INSTALLATION 

Refer to Pictorial 6-1 for the following steps. 

() Be sure connector $101/102 is pushed onto 
P101 (NORM) at the rear of the main circuit 
board. 

(_) Slide the Digital LC Bridge into the cabinet 
as shown. Secure the cabinet to the rear panel 
with four 6-32 x 3/8” screws. 

(_) Secure the cabinet to the chassis bottom with 


four 6-32 x 3/8" screws. 


ACCESSORY CABLE CONSTRUCTION 
Refer to Pictorial 6-2 for the following steps. 


(_) Refer to Detail 6-2A and prepare four 12” 
lengths of shielded cable. 


() Refer to Detail 6-2B and slide a black alligator 
clip insulator over end A of two of the 
shielded cables. 


() Similarly, slide red alligator clip insulators 
over end A of the remaining two shielded ca- 
bles. 


ncnes) = 2 3 


Refer 
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Refer to Detail 6-2C and install an alligator clip 
on end A of each of the four shielded cables. 


After the solder has cooled, push each of the 
four alligator clip insulators down over the re- 
spective alligator clips as shown in the Picto- 
rial. 


to Detail 6-2D for the following steps. 


NOTES: 1. In some of the following steps, you may 


find the shield wires of cables too large 
to insert in the circuit board holes. If this 
occurs, trim the shield wires thinner with 
diagonal cutters so the shield will fit in 
the hole. 


2. Solder each lead as you connect it and 
cut off any excess lead lengths. 


Position the printed circuit card connector as 
it is shown in the Detail. 


Connect the center lead at end B of one 
shielded cable with a black insulator to the 
indicated hold (near the — sign) on the printed 
circuit card connector. 


Connect the shield wires of the shielded cable 
to the indicated hole. 
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() Connect the center lead at end B of one red 
insulator shielded cable to the indicated hole 
(near the + sign) on the printed circuit card 
connector. 


(_) Connect the shield wires of the shielded cable 
to the indicated hole. 


() Turn the printed circuit card connector over 
as shown in Detail 6-2E. 


Refer to Detail 6-2E and connect end B of the remain- 
ing red insulator shielded cable to the printed circuit 
card connector as follows. Solder each lead and cut 
off any excess lead length. 


() Center lead to the indicated hole (near the + 
sign). 


(_) Shield wires to the indicated hole. 


Again, refer to detail 6-2E and connect end B of the 
remaining black insulator shielded cable to the 
printed circuit card connector as follows. Solder 
each lead and cut off any excess lead length. 


() Center lead to the indicated hole (near the — 
sign). 


(_) Shield wires to the indicated hole. 


(_) Refer to the inset drawing on Pictorial 6-2 and 
use a cable tie to secure the two cables with 
black insulators to the printed circuit card 
connector at the location shown. 


{_) Use another cable tie to secure the two 
shielded cables with red insulators at the other 
location on the printed circuit card connector. 


This completes the “Final Assembly.” Proceed to 
“Operation.” 
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OPERATION 
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WARNING: To prevent fire or electrical shock 
hazard, do not expose your Digital LC Bridge 


to rain or moisture. 


This portion of the Manual is divided into several 
parts. The first section, “General,” tells you about 
the control functions, the display, safety precau- 
tions, and other operating information of a general 
nature. The next part, “Measurements,” gives you 
complete and detailed operating instructions. The 
remaining three sections; “Measurement Consider- 
ations,” “Accessory Cable/Test Fixture Use,” and 


“Rear Panel VALUE OUT Usage”; present guidelines 
and techniques you can use to get the best possible 
accuracy and the most effective use of your LC 
Bridge. 


Be sure to read all of this information carefully be- 
fore you use your Digital LC Bridge. 


GENERAL 


CONTROL FUNCTIONS 
Refer to Pictorials 7-1 and 7-2. 


DISPLAY — Displays the capacitance, inductance, or 
dissipation factor value from 000 to 1999 with auto- 
matic decimal point placement, as required. 


RANGE switch — Selects the desired measurement 
range for capacitance (C) or inductance (L) func- 
tions. 


€ switch — Selects the capacitance (C) measure- 
ment function. 


L switch — Selects the inductance (L) measurement 
function. 


D switch — Selects the dissipation (D), or loss, mea- 
surement function. 


“+”, “—" slots — Input connectors for the capacitor 
or inductor being measured. These are 4-terminal 
“Kelvin-type” connections. 


LEAD NULL — Provides a nulling adjustment on the 
200 pF range and allows you to minimize stray 
capacitance when you use the Accessory cable or 
a test fixture. 
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VALUE OUT — Provides a DC voltage (0 to +2V 
through 2200 Q) proportional to the “L” or “C” being 
measured. The “-” terminal is tied to ground. 


BIAS IN — Provides a means to apply a DC bias volt- 
age (0 to +10 V) to capacitors. Input resistance is 
8200 ©; output polarity is as shown on the front 
panel, The “-” terminal is tied to ground. Inoperative 
in the “L” function. 


GND terminal — Provides a direct ground connection 
for use with the Accessory cable or a test fixture. 


SAFETY MARKING 


The front and rear panels of the Digital LC Bridge 
are labeled with the following standard operator 


symbol: 
AN 


This advises the operator to refer to this Manual for 
operating information. 


SAFETY PRECAUTIONS 


Occasionally, you may use your Digital LC Bridge 
while you check, maintain, or repair electronic 
equipment which contains DANGEROUSLY HIGH 
VOLTAGES. Because of this potential danger, you 
should always observe the following safety proce- 
dures: 


de Always handle test probes by the insulated 
portion only. Be careful not to touch any ex- 
posed metal parts. 


2; When you are measuring high voltages, turn 
off the power to the equipment being tested 
before you connect test leads. If this is not 
possible, be very careful to avoid accidental 
contact with any object that could provide a 
ground return path (circuit completion). 


3. Insulate yourself from ground whenever pos- 
sible by standing on a properly insulated floor 
covering. 


Heathkit 


4. Whenever possible, use only one hand when 
you make measurements with the equipment 
power turned on. Keep the free hand in your 
pocket or behind your back to prevent acci- 
dental shock. 


DISPLAY UNITS/POLARITY 


The measurement display is a direct readout of the 
component value. The units are indicated by the po- 
sition of the RANGE switch and the decimal point 
is automatically positioned. All readings are posi- 
tive. 


OVERRANGE INDICATION 


Whenever the value of the component being mea- 
sured exceeds 1999 counts in the selected range, the 
display will show a 1 in the left-most position and 
the appropriate decimal point will be lit. All other 
digits are blanked. The same display occurs 
whenever the input contacts (“+", “—") are shorted 
during a capacitance measurement, or open during 
an inductance measurement. 


+ 1COUNT 


It is normal for the right-hand digit of the display 
to alternate one number above and below a reading 
on successive readings, and one or two numbers 
under certain conditions. Measurement displays of 
low value capacitors or high value inductors may 
be more unstable in the presence of stray line-fre- 
quency radiation. 


WARM-UP 


For maximum stability and accuracy, you may wish 
to leave the Digital LC Bridge on continuously dur- 
ing the day. To insure best accuracy, allow a 30-min- 
ute warm-up period. However, you can make mea- 
surements immediately upon turn-on. A slight read- 
justment of the LEAD NULL may be necessary for 
measurements on the 200 pF range. 


INPUT OVERLOAD PROTECTION 


CAUTION: Before you measure any capacitors with 
the Digital LC Bridge, discharge them through a re- 
sistor. The “+”, “ input circuitry is protected 
against input overloads as long as the overload is 
within the limitations indicated in the “Specifica- 
tions” section of this Manual. 


The BIAS IN terminal will withstand a continuous 
+ 20 VDC overload. The VALUE OUT terminal will 
withstand a continuous short to ground or a continu- 
ous + 20 VDC overload. 
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FUSE REPLACEMENT 


The Digital LC Bridge is protected by two fuses. One 
is in series with the AC line voltage. Replace this 
fuse only with the same rated value as shown on 
the fuse label located on the inside rear panel. The 
second fuse is in series with the “+” input connec- 
tor to protect against charged capacitors or a direct 
power input. To prevent hazardous situations or 
damage to the Digital LC Bridge, this fuse should 
only be replaced with a 1 Ampere, 250V, 3AG, stan- 
dard fuse. 


MEASUREMENTS — BASIC OPERATION 


The normal measurement procedure is as follows: 


¢@ Warm-up — Connect the Digital LC Bridge line 
cord to a 120 VAC outlet, push the POWER 
switch ON (in), and allow a 30-minute warm- 
up period. 


@ Component Leads 


SIZE: See if you can properly insert the compo- 
nent leads into the front panel “+” and “—" 
input connectors. These connectors will ac- 
commodate lead diameters to .062” (AWG #14, 
1.6 mm), with lead spacing from .2” (5.1 mm) 
to 2.5" (63.5 mm), Use the Accessory Cable or 
another testing fixture for component leads that 
fall outside these ranges. Refer to “Accessory 
Cable/Test Fixture Use” on Page 57. 


CONDITION: Leads should be clean of waxes, 
fluxes, and oils. An accumulation of these sub- 
stances can cause intermittent contact on small 
leaded components. 


© Select the Function — Select the appropriate 
measurement function, “L” or “C”. 


If you do not know the type of component, 
select the “C” function. This limits the 
maximum test voltage amplitude. An inductor 
will normally overrange on most ranges, or give 


greatly different values on adjacent ranges, in- 
dicating an abnormal condition. A resistor will 
display a low value with a low “D” on all but 
the lowest range, where it will suddenly have 
a high dissipation. Certain types of high- value, 
wire-wound resistors or RF chokes may exhibit 
some capacitance, but will not produce the 
same values on different ranges. A resistance 
reading will usually determine if the compo- 
nent is actually a resistor or inductor. 


© Select the Range—Select an appropriate 


range. 


If you do not know the value, start with the 
highest range; and then reduce it until a read- 
ing between 200 and 2000 is displayed. 


e@ Capacitor Bias — Determine if you need a DC 


bias from available component specifications. 
A bias voltage is normally required for varicap 
diodes and some types of tantalum capacitors. 
If the required bias is 10 volts or less, apply 
it to the rear panel BIAS IN terminals. The bias 
voltage supply must have low output ripple, 
good regulation, and be capable of supplying 
the bias voltage across an 8200 2 load. If this 
bias is critical, you can measure it directly at 
the front panel “+” and “—” input connectors. 
Bias voltages of 10 to 50 VDC must be applied 
using the Accessory Cable. Bias voltages above 
50 VDC CAN NOT be used. 
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LEAD NULL Adjustment —To measure low 
value capacitors, set the RANGE switch to 200 
pF and adjust the LEAD NULL control for a 
minimum reading, usually “00.1” or “00.2”. 
Since the stray capacitance value is decade- 
reduced, it becomes insignificant on higher 
ranges. Other uses for this control are discussed 
in “Accessory Cable/Test Fixture Use” (Page 
57). 


Connect the Component — Insert the leads of 
the component to be measured. Use needlenose 
pliers to help insert small or overly large com- 
ponent leads. No shock hazard exists at the low 
test voltages used. 


NOTE: To ensure proper contact, do not insert 
more than one lead at a time into the input 
connector. To prevent erroneous readings, 
components must be isolated from (earth) 
ground. 


Read the Value — Observe the display. If the 
reading is above 2000 or below 200, select the 
next (higher or lower) range for greater accu- 
racy and resolution. 


NOTE: Some inductors are sensitive to currents 
and will likely indicate a lower value on a 
lower (high current) range. If a great difference 
between readings exists, the higher range value 
is most likely to be correct. 


Determine the Units — Determine the unit of 
measurement from the front panel RANGE 
switch legend (i.e., pF, nF, pF, etc.). 


Read the Dissipation Factor — Determine’ the 
dissipation factor by pushing and holding the 
“D” switch until the display stabilizes. Refer 
to vendor specifications or compare readings 
with similar parts to determine if the reading 
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is acceptable. Generally, the “D” reading for 
good capacitors will be .150 or less; good in- 
ductors will read .500 or less. See “Measure- 
ment Considerations.” 


Accuracy Determination — You can determine 
the uncertainty (accuracy) of the value dis- 
played by inserting your readings into the fol- 
lowing formula: 


+ {(.5% of C) + [(1.5% of C) x(D reading)]+ .SpF + 1 
count}. 


OR 


+ {(:5% of L) + [(1.5% of L) x (D reading)] + .5 pH + 
2 counts}. 


For example, a “C” reading of 150.2 nF with a 100 “D” read- 
ing provides an uncertainty of: 


= + [(.005 x 150.2) + (.015 x 150.2 x .100) + .5 pF 
+t] 


= +[75 + .23 + .0005 (insignificant) + .1] 
= = 1.08nF 


The above calculations show that all of the measured charac- 
teristics (stray capacitance, etc.) except the value of the 
capacitor itself are relatively insignificant. 


Discharging Capacitors — Discharge any bias- 
charged capacitors after measurement, but DO 
NOT use a short circuit or you may damage 
the capacitor. 


Capacitors biased using the rear terminal strip 
will discharge through the Bridge. Capacitors 
with externally applied bias must be dis- 
charged directly. Disconnect the capacitor from 
the Bridge WITHOUT TOUCHING its leads or 
terminals. Then, carefully discharge it through 
a low-value, high wattage resistance, such as 
a100 Ohm, 10 watt, wire-wound resistor. (This 
resistor may become very warm.) 
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MEASUREMENT CONSIDERATIONS 


Capacitors and inductors are more difficult to mea- 
sure than resistors because you have to use an AC 
test frequency to measure them. And since inductors 
and capacitors are usually not pure reactance, you 
also have to use either a series or parallel combina- 
tion of resistance (R) and reactance (X) to represent 
their electrical characteristics. 


One of the most troublesome measurement difficul- 
ties occurs because the value of most inductors and 
some capacitors can change as the AC test frequency 
or test level changes. As a result, parts manufactur- 
ers usually specify the test conditions when they 
establish component values. This was considered 
when the test frequencies and voltage/current levels 
were chosen for this LC Bridge; thus, they are repre- 
sentative of the manufacturer’s normal testing condi- 
tions and frequencies (120 Hz and 1000 Hz). A 
series-equivalent circuit is used to measure induc- 
tance (L), and a parallel-equivalent circuit is used 
to measure capacitance (C). 


Measurement differences are strongly influenced by 
the D value (loss factor) of a component; and they 
can show up as a function of frequency variations 
or level variations. The readings you obtain for a 
part on the 2 4F or 2 H range (1000 Hz test fre- 
quency), for example, may be different from what 
you get on the 20 uF or 20 H range (120 Hz test 
frequency) for high loss (high D value) components. 
If a component has a high dissipation (D) factor, be 
suspicious about the indicated value (L or C), espe- 
cially if the D function is overranged. 


Although both capacitors and (especially) inductors 
may be sensitive to test levels, inductors with ferrite 
or iron cores are especially sensitive. Refer to the 
“Specifications” (Page 74) for the test levels used. 
This may influence the range you chose for measure- 
ments. 


Pictorial 7-3 shows the mathematical relationships 
for the different elements in inductors and 
capacitors. When the series resistance is low or the 
parallel resistance is high, the measured value of the 
component will be nearly equal to its actual value. 


This is equivalent to a low D value (low loss). When 
the series resistance is high or the parallel resistance 
is low, there will be a significant difference between 
the measured value and the actual value. 


INDUCTANCE MEASUREMENTS 


e@ = The Digital LC bridge measures the total reac- 
tance connected to its inputs, Both the un- 
known inductor and any lead length contribute 
to this, as leads have both inductive and resis- 
tive properties. 


For greater accuracy on low L measurements, 
minimize the load impedance. Short, closely 
spaced, twisted leads reduce pickup of stray 
line frequency or RF radiation. Use of the Ac- 
cessory Cable adds only slight L and R proper- 
ties because of the 4-terminal input connection. 
See “Accessory Cable/Test Fixture Usage” in 
this section. 


e A series-equivalent circuit is the usual rep- 
resentation for inductive reactance. However, 
there are times when a parallel-equivalent cir- 
cuit is a better model. At low frequencies, the 
major aspect of loss is the resistance in the wire 
and the series circuit is the best choice. If the 
inductor has an iron or ferrite core, the signifi- 
cant loss at high frequencies may be the core 
loss (resulting from eddy currents or hys- 
teresis). Here, the parallel circuit is the best 
choice. The mathematical models of Pictorial 
7-3 can help you translate between these mod- 
els. 


@ When you are making high inductance mea- 
surements, keep stray capacitance and AC 
pickup to a minimum. Keep your hands as far 
away from the inductor as possible. Keep test 
leads short and direct. Enclosing the inductor 
in a large, grounded metal enclosure to 
minimize stray capacitance may be helpful for 
inductances greater than 20 H. 
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CAPACITANCE MEASUREMENTS 


You can measure electrolytic capacitors greater 
than 2000 pF as follows: 


A. Measure any capacitor between 1000 pF 
and 2000 pF, Record this value (Cyes.). 


B. Connect the unknown capacitor in series 
with the measured capacitor. Record this 
value (C,). 


C. Compute the unknown capacitor value 
(C,) from the equation: 


c, = Gal XG) 
~ (Ca) = (GC) 


Using this method, you can measure 
capacitors up to 10,000 »F within 2% re- 
solution, and up to 100,000 pF within 
10%. 


The Digital LC Bridge measures parallel capaci- 
tance only. The relationship between parallel 
and series C is: 


C, = (1+ D4) x C, 


Pictorial 7-4 shows the relationship between C, 
and C,. To use the graph, first measure the C, 
and D values of the capacitor. Locate the D 
value along the horizontal axis. Then move up 
the graph to the curve, and over to the vertical 
(multiplier) axis. Multiply the C, value by the 
multiplier to obtain the C, value. 


There will be no significant difference in read- 
ings for electrolytic capacitors measured at 120 
Hz versus a 100 Hz test frequency (representing 
power line frequencies). 
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DISSIPATION (D) FACTOR MEASUREMENTS 


For convenience or comparison, you may want 
to identify the “Q” (quality factor) of an induc- 
tor. This is the reciprocal of the D factor 
(Q = 1/D). However, for very low D values the 
+1 count resolution may make the Q value 
only approximate. 


The Digital LC Bridge measures D to 1.999. For 
capacitors, this is generally adequate. Some in- 
ductors, however, can have a D exceeding 
2.000. To measure the D of such coils: 


A. Measure a coil of about 10 times the in- 
ductance of the coil with the high D. Re- 
cord its inductance (Lyer) and loss (Dyes). 


B. Connect the high D coil in series with the 
previously measured coil. Record the 
series inductance (L,) and loss (D,). 


C. Compute the unknown inductance (L,) 
and loss (D,) from the following equation: 


Lx = Ls — Lret 
D, X Dyer XL, 


D, = 

2 (Ls —Lret) 
Should a larger coil not be available, you 
can use separate measurements of the in- 
ductance and resistance used to compute 
the loss from: 


D=R/(2xpixfxLl,) Where fis the measure- 
ment frequency. 


When you are using a mathematical model to 
calculate equivalent series resistance (ESR) for 
a capacitor, an unrealistically low figure may 
result since ESR specifications also include the 
resistance of wire leads and internal foil as well 
as dielectric loss (which is frequency depen- 
dent). 


Heathkit 


Page 57 


ACCESSORY CABLE/TEST FIXTURE USE 


Do not use the front panel connectors to measure 
components with very large diameter leads (over 
1/16"); use the Accessory Cable. You can also use 
this Cable to: 


—Measure physically large components that 
are secured to a chassis and/or are not re- 
moveable. 


—“Batch” measure components on tape carrier 
strips which are not to be removed. 


—Measure low value capacitors or high value 
inductors where a shielded enclosure is 
used to reduce pick-up from stray line-fre- 
quency or RF radiation. 


—Connect to calibration standards. 


Pictorial 7-5 illustrates a circuit you can use for the 
Accessory Cable, or other test fixture cabling. The 
length of the wiring does not introduce significant 
measurement error because of the 4-terminal input 
connectors. You can omit the ground lead or use 
twisted pair wiring for each power/sense circuit if 
you are measuring capacitors greater than .01 »F or 
inductors less than 20 H. The Accessory Cable is 
directly useable on the lower C ranges without a 
ground wire (adjustment of the LEAD NULL control 
is required). However, the greatest reduction of stray 
capacitance is provided if you connect the shield 
wire foil area of the Accessory circuit card to the 
rear panel GND stud with a separate clip lead. 


NOTE: The null value that you get when you use 
the Accessory Cable on lower C ranges may not be 
as low as the null you get when not using the Acces- 
sory. You will also have to change the LEAD NULL 
adjustment if you move the wiring when you are 
measuring small value capacitors with the Acces- 
sory. Use tape to hold the leads in place. The null 
value should be subtracted from the display read- 
ings. To null, short the red leads together and the 
black leads together; then adjust the LEAD NULL 
control for the lowest display reading. 


The Accessory Cables can be connected to a special 
purpose test fixture for repetitive measurements. 
The fixture connection points may be of the 4-termi- 
nal (Kelvin) type to eliminate contact resistance ef- 
fects. However, bringing all four leads to the fixture 
and making only one connection at each component 
lead is usually accurate except for large C or small 
L values. Grounding of the fixture is required for 
large L or small C values. 


NOTE: DO NOT ground either component lead. A 
floating test circuit is used and grounding either 
component lead will cause inaccurate readings. Be 
aware that the case of some components is internally 
connnected to one lead. 


Pictorial 7-5 also shows connections to capacitors 
when bias voltages of 10 VDC or less are applied. 
The DC source is connected to the rear panel BIAS 
IN terminals. If the capacitor is also to be measured 
without bias applied, the DC source can be removed 
via a switch, or set to 0 VDC. Note that simply turn- 
ing the DC source off may not remove bias voltage 
resulting from charged capacitors in the source. 


Pictorial 7-6 illustrates the external bias circuit for 
applying up to 50 VDC to capacitors. A 220 ohm 
resistor and 2000 ,F capacitor are required for de- 
coupling. The bias source may be grounded at the 
negative (—) lead. Minimal output current is re- 
quired, but the supply should have low ripple and 
good regulation. The resistor/capacitor circuit breaks 
the DC path between the Digital LC Bridge output 
and the capacitor under test, allowing the AC test 
voltage to be superimposed on the DC bias. DO NOT 
set the bias voltage above 50 VDC. ‘This circuitry 
also blocks any DC bias from the Digital LC Bridge 
applied at the BIAS IN terminals. Allow enough time 
for the capacitors (the 2000 pF and capacitor under 
test) to charge through the 220 ohm resistor; about 
5 seconds. The display may be unstable until charg- 
ing is completed. 


WARNING: Voltages above 30 VDC are considered 
dangerous. Be sure to discharge the capacitor in the 
test circuit and the capacitor under test as described 
in the “Basic Operation” section. 
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REAR PANEL VALUE OUT USAGE 


The VALUE OUT terminal provides a 0 to 2.0 VDC 
(+5%) level, through 2200 ohms, which is propor- 
tional to the value of the L or C under test. No output 
for the D function is available. This feature provides 
several possible uses: 


You can obtain direct X-Y plotting of capaci- 
tance versus voltage when you are using the 
BIAS IN terminals or an external DC bias 
source. This allows you to measure the charac- 
teristics of voltage variable capacitor diodes 
(varicaps). The full-scale deflection of the X 
channel should be adjusted for the maximum 
bias applied to the BIAS IN terminals. The Y 
channel input should then be adjusted to some 
appropriate full-scale value for the component 
under test. See Pictorial 7-7. 


You can obtain a high-low indication by using 
a differential voltmeter, as shown in Pictorial 
7-8. The meter would be zeroed with a standard 
value installed, and variations from the stan- 
dard would be displayed as “+” or “—” read- 
ings. If the meter scaling is adjustable, a direct 
readout of the deviation from the standard in 
capacitance, inductance, or percentage can 
then be provided. 


A similar technique to that of a high-low indi- 
cation, shown in Pictorial 7-9, incorporates a 
differential camparator used to control a relay. 
The relay can then turn on an alarm or control 
a “bin selection” device for sorting. 


In any of the above applications, allow time for settl- 
ing of the display before you evaluate the results. 


Heathkit 


Page 59 


IN CASE OF DIFFICULTY 


NOTE: It is important that you read the following 
“General Troubleshooting Information” and 
“Troubleshooting Precautions” sections before you 
attempt to service your Digital LC Bridge. 


This section of the Manual is divided into three 
parts. The first, “General Troubleshooting Informa- 
tion,” describes what to do about the difficulties that 
may occur right after your Digital LC Bridge is as- 
sembled. 


The second area, “Troubleshooting Precautions,” 
points out the care you should take when servicing 
your Digital LC Bridge to prevent damage to compo- 
nents, 


The last area, “Troubleshooting Procedures,” pro- 
vides specific methods to locate problems that 
occur. It also lists one or more conditions or compo- 
nents ("Possible Causes”) that could cause each dif- 
ficulty. 


GENERAL TROUBLESHOOTING INFORMATION 


WARNING: Be sure to push the POWER switch OFF 
(out) and disconnect the line cord before removing 
the cover of your Digital LC Bridge. 


1, Recheck the wiring. Trace each lead in col- 
ored pencil on the Pictorial as you check it. 
It is frequently helpful to have a friend check 
your work. Someone who is not familiar with 
the unit may notice something you have con- 
sistently overlooked. 


2, About 90% of the kits returned for repair do 
not function properly because of poor solder- 
ing. Therefore, you can correct many troubles 
by carefully inspecting the connections to 
make sure they are soldered as described in 
the “Soldering” section of the Manual. Reheat 
any doubtful connections. 


3. Closely examine each circuit board foil to see 
that no solder bridges exist between adjacent 
foils. If you are not sure whether or not a sol- 
der bridge exists, compare the circuit board 
foil with the “X-Ray Views” in the Illustration 
Booklet, Page 27. Remove any solder bridges 
by holding the circuit board above the solder- 
ing iron, foil side down, and then placing a 
clean soldering iron tip between the two 
bridged points until the excess solder flows 
down onto the tip of the iron. You can also 
place desoldering braid over the bridge; then 
heat the braid with the soldering iron until 
the excess solder flows into the braid. Also 
examine the component side of the circuit 
boards for any solder that may have built up 
there. 
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Make sure each transistor is in its proper loca- 
tion (correct part number and/or type). Make 
sure each transistor lead is in the proper hole 
and has a good solder connection to the foil. 
NOTE: All transistors have their flat side fac- 
ing the same direction. 


Check each integrated circuit (IC) for proper 
installation and location (correct type in- 
stalled). Make sure the dot or marked (pin 1) 
end of each IC is over the index mark on the 
circuit board. Be sure each lead of the IC is 
inserted into the socket and not bent out or 
under. NOTE: All ICs in sockets on the main 
circuit board have the pin 1 end positioned 
in the same direction. 


Check the displays for proper installation. 
Make sure the decimal point end of each is 
at the bottom of the display board. Be sure 
each lead is inserted into its socket and not 
bent out or under. NOTE: All displays have 
the pin 1 end positioned in the same direc- 
tion, 


Check each capacitor value. Make sure a 
capacitor of the correct value is installed at 
each capacitor location. Check electrolytic 
capacitors to make sure the positive (+) or 
negative (—) marked lead is in the appropri- 
ately marked hole on the circuit board. NOTE: 
All electrolytic capacitors on the main circuit 
board (except C136) have the polarity marks 
positioned in the same direction. 


10. 


11. 
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Check each resistor value carefully. It would 
be easy, for example, to install a 33 © (org-org- 
blk) resistor where a 30 kQ (org-blk-org) resis- 
tor is called for. This is especially true for re- 
sistors with four or five color bands, since 
each band can be quite narrow. A resistor that 
is discolored, or cracked, or shows any signs 
of bulging would indicate it has been dam- 
aged and should be replaced. Since a dam- 
aged resistor is often an indication of some 
other difficulty (such as faulty wiring), you 
should try to locate the cause of the damage 
before replacing the part. 


Make sure the banded end of each diode is 
positioned correctly. NOTE: All diodes on the 
main circuit board have the banded end 
positioned in the same direction. 


Check for bits of solder, wire, or other foreign 
matter which’ may be lodged in the circuit 
board wiring. 


Check all component leads connected to the 
circuit board. Make sure leads do not extend 
through the board and touch other connec- 
tions or parts. 


NOTE: In the extreme case where you are unable 
to resolve a problem, refer to the “Customer Service” 
information located inside the rear cover of this 
Manual. Your Warranty is located inside the front 


cover, 
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TROUBLESHOOTING PRECAUTIONS 


Observe the following precautions when you are 
troubleshooting your Digital LC Bridge. 


1. Make sure you do not short any adjacent ter- 
minals or foils when you are making tests or 
voltage measurements. If a probe or test lead 
should slip and short two adjacent connec- 
tions together, for example, it is very likely 
to damage one or more of the transistors, ICs, 
or diodes. 


v8 Be especially careful when you test any cir- 
cuit that contains an IC or transistor. Al- 
though these components have an almost un- 
limited life when used properly, they are 
much more vulnerable to damage from excess 
voltage and current than many other parts. 


CAUTION: Be especially careful when you 
are removing or installing any CMOS integrat- 
ed circuit. It would be a good idea to treat 
all ICs as if they were of this type. This will 
eliminate any confusion or question. Refer to 
the special handling procedures for CMOS ICs 
in Detail 5-2A (Illustration Booklet, Page 18). 


3. DO NOT remove any components while the 
Digital LC Bridge is turned on. Push the 
POWER switch to OFF (out) before removing 
ICs or unsoldering any component. 


4. When you make repairs to the Digital LC 
Bridge, be sure you eliminate the cause as 
well as the effect of the trouble. If, for exam- 
ple, you should find a damaged resistor, be 
sure you find out what caused the damage. 
If the cause is not eliminated, the replacement 
resistor may also be damaged when you put 
the Digital LC Bridge back into operation. 


5. In several areas of the circuit boards, the foil 
patterns are very narrow. When you unsolder 
a part to check or replace it, avoid excessive 
heat. A suction-type desoldering tool makes 
part removal easier. You may also be aided 


by using the desoldering braid supplied with 
your kit. Consult the instructions for use on 
the package. 


6. Do not flex the transformer, line cord, or 
RANGE switch wires excessively or they may 
break at the circuit board. When you service 
the Digital LC Bridge circuit boards, unplug 
$101/102 from P101 at the rear of the main 
circuit board, remove the six circuit board 
mounting screws. The circuit board assembly 
can then be pivoted (toward the right) and 
rested upside down on your work bench with 
all foil-side connections easily accessible. 


COMPONENT REPLACEMENT 


To replace faulty resistors or capacitors, first clip 
them from their leads. Then heat the solder on the 
foil side and allow each lead to fall out of its hole. 
Use a suction-type desoldering tool or desoldering 
braid to remove any excess solder in the holes. Pre- 
shape the leads of the replacement part and insert 
them into the holes in the circuit board. Solder the 
leads of the new part to the foil and cut off the excess 
lead lengths. 


You can remove transistors in the same manner as 
resistors and capacitors. Make sure you install the 
replacement transistor with its leads in the proper 
holes. Then solder the leads quickly to avoid heat 
damage. Cut off the excess lead lengths. 


FOIL REPAIR 


To repair a break in a circuit board foil, bridge solder 
across the break. Bridge large gaps in the foil with 
a length of bare wire. Lay the wire across the gap 
and solder each end to the foil. Carefully trim off 
any excess bare wire. 
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TROUBLESHOOTING PROCEDURES 


This part of the “In Case of Difficulty” 
divided into four parts; “Basic Tests,” 
shooting Chart,” “Waveforms,” and “Logic Charts.” 


The “Basic Tests” will help you to identify a general 
problem area in the Digital LC Bridge. To do this, 
you will be directed to use some of the steps in the 
“Tests and Adjustments” section. These checks will 
provide you with a systematic, circuit-by-circuit 
check of the Bridge’s operation. They are also effec- 
tive after a unit has been in service for some time. 


You will need a high input-impedance voltmeter (10 
MO or higher) to complete the “Basic Tests.” Voltage 
readings may vary +10% (unless otherwise indi- 
cated) from those shown in the charts. 


The “Troubleshooting Charts” identify problems 
(and possible causes) of a specific nature in each 
of the measurement functions of the Digital LC 
Bridge. If you have a specific problem area iden- 
tified, you should read through the chart until you 
find the "Possible Cause” associated with the prob- 
lem. 


The “Waveforms” and “Logic Charts” sections pro- 
vide support information for detailed troubleshoot- 
ing. 


In any of these areas, keep the following in mind: 


ff: In any area where circuit operation appears 
to be improper, but is not clearly so, you may 
find it helpful to review the “Circuit Descrip- 
tion” on Page 77. 


2. Refer to the “Circuit Board X-Ray Views” and 
the Schematic to locate the various compo- 
nents or circuit areas listed in the “Possible 
Cause” column of the charts. 


3. Refer to the “Semiconductor Identification 


Charts” on Page 89 to identify diode, transis- 
tor, and IC basings. A cross-reference of Heath 
part numbers and manufacturer's type desig- 
nations is also included. In several cases, 
where performance parameters of the part are 
critical or unique, only the Heath part number 
is shown. 


4. Some circuit areas use ICs or LEDs of the same 
type. An IC or LED thought to be faulty can 
often be interchanged with one known to be 
good. 


Basic Tests 


In these procedures, you will be directed to the “Op- 
erational Tests” (Page 36) steps in the “Tests and 
Adjustments” section of the Manual. You may also 
be given a testing setup prior to performing the step. 
If you do not obtain the indicated results in a step, 
consult the “Area of Possible Problem” column for 
that step, which identifies components or circuit 
areas which may be at fault. 


Follow this sequence for each test: 


AY Carefully and completely read through the 
“Instruction or Test” information in each step 
to be sure you are familiar with what is re- 
quired and what is expected to result from 
the test. 


2. In any instruction where you have to make 
a solder connection, push the POWER switch 
to OFF (out) and unplug the line cord before 
you perform the instruction. 
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NOTES: POWER SUPPLY AND A/D CIRCUITRY 
5 ty Ignore steps that instruct you to install an IC Perform the steps in the following numbered boxes, 
where one is already installed. However, use starting on Page 37: 


the information provided to verify that the 
proper IC is installed, and that the pin 1 end () Step1. 
is positioned correctly. 
( ) Step 2. 
2. The “Tests and Adjustments” section is 
primarily intended to be used to check un- ( ) Step 3. 
loaded IC outputs and control signals in a 
newly-assembled Digital LC Bridge. But you ( ) Step 4. 
can also use tests at these points to troub- 


leshoot a unit that has been in service for a () Steps. 
period of time. However, these signals now 
have loads connected to them which may af- () Steps. 
fect the results you obtain in a test. If you 
do not obtain the proper results at an IC out- () Step7. 


put, for example, it may be due to a failure 
in that circuit, or in another area associated CONTROL CIRCUITRY 
with that circuit. If you are in doubt, consult 
the Schematic to see if other ICs can be re- 


moved from the output of the IC being tested _ Perform the steps in the following numbered boxes, 
to eliminate these as possible causes of a prob- starting on Page 38: 
lem. 

() Steps. 


Refer to Pictorial 5-2 (Illustration Booklet, Page 18) 
for the location of test points. () Step 9. 


(_) Unplug $101/102 from P101 and push the ( ) Step 10. 
cable out of the way, toward the rear panel. 


( ) Step 11. 
( ) Remove the six 4-40 x 3/8” screws and #4 
lockwashers that secure the circuit boards to (|) Step 12. 
the chassis. 
EXCITATION CIRCUITRY 
(_) Unsolder and clear the “+15”, “-15", “+5”, 
and “—5” solder pads on the foil side of the Perform the steps in the following numbered boxes, 
main circuit board. beginning on Page 40: 


(_) Temporarily remount the circuit boards with ( ) Step 13. 
two 4-40 x 3/8” screws at DL and DM. 


( ) Step 14. 
( ) Connect the voltmeter common lead to TP1. 

( ) Step 15. 
() Push the “C” switch in. 

( ) Step 16. 
(_) Set the RANGE switch to 200 pF. 

() Step17. 


(_ ) Push the POWER switch ON (in). 
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( ) Step 18. 

() Step 19. 

() Step 20. 
SENSING CIRCUITRY 
( ) Remove U114. 


Perform the steps in the following numbered boxes, 
starting on Page 41: 


( ) Step 21. 
() Step 22. 
( ) Step 23. 
( ) Step 24. 
( ) Step 25. 


( ) Reinstall U114. 
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This completes the “Basic Tests.” If, after having 
identified and corrected any problem you encoun- 
tered, you obtain the proper results in these tests, 
the basic measurement circuitry is operating prop- 
erly. However, if you obtained the proper results but 
still have some difficulty in any of the functions of 
the Digital LC Bridge, you may do the following: 


A. _ Refer to the “Troubleshooting Chart” to deter- 
mine if any of the problems listed describe 
the problem you are encountering. 


B. Repeat the “Basic Tests.” You may want to 
have someone else observe the tests with you 
in the event you may have overlooked some- 
thing. 


C. Contact the Heath factory, or a Heath/Zenith 
Computers and Electronics center for further 
assistance, or for servicing your Digital LC 
Bridge. 
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Troubleshooting Charts 


The following charts list the “Conditions” and the 
“Possible Causes” of a number of malfunctions in 
the operation of the Digital LC Bridge. If a particular 
part or area is mentioned (J1, U104, etc.) as a possi- 
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NOTES: 


3 [ 


Make sure you have completed the “Basic 
Tests” section before you proceed with the 
following charts. 


a Improper measurement conditions may be 
ble cause, check these parts to see that they are cor- identified in some cases as a “Possible Cause” 
rectly wired or installed. Also check to see that the of a problem. It may be helpful in these cases 
proper part was installed in that location. It is also to refer to the “Measurements” section (Page 
possible for a part to be faulty. 53), which provides techniques to minimize 

the effects of the test environment on the ac- 
curacy or stability of measurenitnts. 
PROBLEM POSSIBLE CAUSE 
Unit is inoperative (reads zero or overrange) on all ranges. 1. F101 open. 
2. Poor or open contact at J1, J2. Clean or adjust as required. 
3. Component under test is defective (open or shorted) or not 
an inductor or capacitor. 
4. Short or open at R121-R123, D103-D106 circuitry. 
5. Open in jumper wiring to display circuit board or at SW101. 
6. Failed +15 or +5 V supplies. 
7. U101 oscillator inoperative. 
8. U118 circuitry. 
9. U108, U116, U121, RY102 circuitry. 


Unit cannot be calibrated using 150 nF standard on 200 nF range. 


— 


10.R171 to R175. 


eopena 


Incorrect number of jumpers (W101-W103) open or closed. 
Incorrect adjustment of R232 or R243. 


}. SW1, U119, U102 test frequency selection (1000 Hz). 


U113, U109C, U115A, U114A loss correction circuitry. 
Standard inaccurate or outside required temperature range. 


. R155, R174, R175. 


Unit cannot be calibrated using 15 uF standard on 20 uF range. 


Meena 


Incorrect adjustment of R144. 
U1090 circuitry. 


. R154 circuitry, or R175. 
. U10B, U116 circuitry. 


‘Standard inaccurate or outside required temperature range. 


Unit cannot be calibrated using 150 ,F standard on 200 uF range. 


Peps 


= UI09A circuitry. 


R152 circuitry. 


. U116, RY101, RY102 circuitry. 


‘Standard inaccurate or outside required temperature range. 


Unit cannot be calibrated using 1000 F standard on 
2000 ,.F range. 


er rens 


Incorrect adjustment of R152. 
U116A circuitry. 

R226 circuitry. 

Poor connection at J1, J2. 


. U104, U107 
}. Standard inaccurate or outside required temperature range. 
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PROBLEM POSSIBLE CAUSE 


Unit is inaccurate, when compared to laboratory 

standards, at 22°C on: 

20 nF to 2000 yF range. 1. Incorrect adjustment of R144, R232, R243, R152, R154, or 
R226. 

2. Laboratory standard is outside required temperature range. 

3. “D" of standard is high, increasing measurement error. 

4. Excessive line-voltage or RF radiation is present. 

200 pF or 2 nF range. 1. Incorrect LEAD NULL adjustment. 

2. Excessive wire lengths or stray capacitance in “standard” en- 
closure, or enclosure not grounded. 

3. Open wiring at AA on main circuit board. 

4. U105A circuitry. 

5. D105, D106, U106B, U107 circuitry. 

6. U117 circuitry “noisy”. 

2mH to 20 H range. 4. “Standard” altered by test level or frequency. 

2. Excessive wire lengths in “standard” circuitry. 

3. “D" of standard high, increasing measurement error. 

4. Excessive line-voltage or RF radiation present. 

200 pH range 1. Excessive wire lengths in “standard” circuitry. 

2. Poor contact at J1, J2. 

3. 


| . U104, U107. 


200 H, 2000 H ranges. 1. “Standard” altered by test level or frequency. 
NOTE: You can get an approximate (+2%) verification by 2. Excessive line-voltage or RF radiation is present. 
measuring 20 nF (.02 .F) on the 200 H range or 2 nF (.002 3. Excessive stray capacitance in “standard” enclosure, or en- 
uF on the 2000 H range and calculating the equivalent induc- closure not grounded. 
tance from: 
Leq = Va? x C) 


Where w = 2 x 7 x f (test) and f(test) is measured within 
Hz. 
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| PROBLEM 
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POSSIBLE CAUSE 


“D” Reading zero or overrange on all ranges. 


1. Q103, U114, U115 circuitry. 
2. SW101, R137 circuitry. 


“D" function cannot be calibrated using “dissipation standard” 
resistor with “150 nF standard”. 


1. Improper adjustment sequence of R203, R137. See “Calibra- 
tion”. 


. W104 incorrectly opened or closed. 

. “Dissipation standard” inaccurate or outside required temper- 
ature range. 

. U114B, U1158 circuitry. 

U114. 


“D" function is inaccurate (when compared to laboratory standard) 
at 22°C. 


Incorrect adjustment of R137, R202, R203. 

Value of standard less than 200 counts on range used. 
Dissipation standard altered by test level or frequency. 
Q103. 

. U114, U115, U30T. 


AF en> 


BIAS IN function does not operate correctly; applied bias does not 
appear at component under test. 


VALUE OUT function inoperative or output voltage too low. 


fe 


‘Component polarity is reversed 
. $101/102 improperly installed. 
. Open in $101/102 wiring. 

. SW102, R118, C106 circuitry. 
D103, D104. 

U104. 


on Peps 


Output is loaded by measurement circuitry. 
2. $101/102 incorrectly installed or wired. 

. Open in $101/102 wiring. 

. RI76. 


Pens 
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Waveforms 


The waveforms discussed in this section and shown 
on Page 26 of the Illustration Booklet are for Digital 
LC Bridge circuits that are operating properly. Each 
waveform is identified by a number. These identifi- 
cation numbers are used in the following chart, on 
the schematic, and as a reference in some “Area of 
Possible Problem” boxes in the “Tests and Adjust- 
ments” section. 


To check for the presence of the following 
waveforms, you will need a DC-coupled oscillo- 
scope with a vertical calibration at 2 V/div, and with 
a time base (horizontal) calibration of 20 ps/div, .5 
ms/div, and 100 ms/div. You must use a high imped- 
ance (10 MQ suggested), low-capacitance probe with 
the oscilloscope. 

Set the Digital LC Bridge as follows: 

() Push the POWER switch ON (in). 

() Push the C switch in. 

(|) Set the RANGE switch to 200 nF. 


(_ ) Install the 150 nF standard capacitor. 
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( ) Clip the dissipation standard resistor across 
the capacitor. 


( ) Connect the oscilloscope ground lead to TP1. 


At each waveform step, perform each of the follow- 
ing steps: 


a; Adjust the oscilloscope for the designated 
voltage and time settings for the waveform to 
be observed. Adjust the vertical position 
(“zero”) level to some convenient point. 
NOTE: The dot on the left edge of each 
waveform indicates the DC “zero” level to 
which it is referenced. 


B Connect or touch the oscilloscope probe to the 
indicated test point. 


3. Adjust the triggering controls of the oscillo- 
scope to obtain a clear presentation. 


4. If you obtain the proper waveform (Illustra- 
tion Booklet, Page 26), proceed to the next 
step. If you do not, make sure the test connec- 
tions are correct. Then refer to the information 
provided in the “Comments” column to deter- 
mine what circuit areas should be inspected. 
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NOTE: Waveforms 1 through 15 and 20 through 24 
are pure AC sine wave signals with no appreciable 
DC component and are similar to the waveform 
shown in Waveform 1, The peak-to-peak value of 


these signals is given in the chart. 
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WAVE- OSCILLOSCOPE TEST SINE- COMMENT 
FORM VERT HORIZ POINT WAVE 
(div) (div) PK-PK 
1 2 ms TP2 9.4 Confirms oscillator operation. Waveform has an 8.3 ms 
period for 120 Hz on 20 uF and higher ranges. 
2 _ _ U103-12 22 Confirms operation of test level regulator. Unregulated circuit 
signal is approximately the same when you remove U112. 
3 - - U104-13 22 Confirms operation of U104 and overvoltage protection 
circuit. 
4 = = TP3 22 
5 - - Hole BR 22 Confirms input and general operation of U106A, U107, 
U108 circuitry. Signal is at fixed levels vs range for c; varies 
for L. 
6 = = Hole BS [ <.05 
7 ” - TP4 22 
8 — - Hole AW 1.6 Confirms U105A circuitry. Signal at AW is inverted from TP3. 
1 Signal at AV varies with LEAD NULL control setting. 
9 > Hole AV 2 
10 Hole BT <.05 Confirms operation of U106B, U107, U108 circuitry. Signal 
is at fixed levels vs range for L; varies for C. 
" _ - TPS 35 
12 _ _ U108-3 35 
13 aad _ U106-7 35 
14 =~ as Ut11-1 58 Confirms U111 scaling circuitry. 
15 - _ U111-7 58 ‘Signal has fixed levels vs range. 
16 2Vv 5 ms U112-4 = Confirms U112A (rectifier) circuitry operation. 
aT 2v Sms Band end ay 
D108 
18 2v Sms U113-7 _ Confirms U113 (comparator) circuitry operation. 
19 2v ms U109-11 _ Confirms U115A, U114A, Q103 loss correction circuitry oper- 
ation. Signal varies in proportion to “D" of part under test. 
— 
20 - = U114-15, 29 Confirms input signal to U114A. 
-16 


(continued) 
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WAVE- OSCILLOSCOPE TEST ‘SINE- COMMENT 
FORM VERT HORIZ POINT WAVE 
(div) (/div) PK-PK 

21 _ _ U116-2 35 Confirms inputs/outputs of U117A summing amplifier cir- 
cuitry. 

22 = * U114-13 

23 = ead U117-1 43 

24 ae me TP6 43 Confirms U117B butter circuitry. Signal should vary only with 
value. 

25 2v ms U118-1 aa Confirms U118A rectifier circuit. 

26 2v Sms unbanded bad 

end 
D114 

27 2vV 20 us U301-38 = Confirms U301 oscillator circuit. 

28 2v 100 ms U301-34 a Confirms “reference” portion of A/D operation. Display may 
vary from probe loading. 

29 2v 100 ms U301-28 - Confirms “buffer” portion of A/D operation. Duration of “step” 
levels varies with input. 

30 av 100 ms 301-27 - Confirms “integrator” portion of A/D operation. Peak varies 
with input. 
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Logic Charts 


The RANGE switch (SW1) has combinations of clo- 
sures which are determined by the range selected. 
In addition, the D and L function switches (SW101 
and SW102) provide individual control signals 
which are applied to the U119 and U121 inputs. 
U119 and U121 are read-only memory (ROM) ICs 
which have many possible output voltage combina- 
tions determined by their inputs. 


The Logic Charts in this section identify the switch 
closures and ROM outputs used in the Digital LC 
Bridge circuitry. These are an aid in detailed trouble- 
shooting. The charts indicate the voltage levels cor- 
responding to logic high (H) and low (L) signals for 
these components when referenced to ground. 
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In tracing circuit operation, be careful to consider 
how these logic signals are used as inputs or control 
signals to associated circuits. 


LOGIC CHART I RANGE SWITCH 
Logic Low (L): Less than +.2 VDC, 
Logic High (H): Greater than + 4.0 VDC. 


Comments: R179 to R182 act as “pull-up” resistors 
to maintain a logic high for the switch outputs. Logic 
low signals are provided by the switch contacts 
grounding the input line. 


NOTE: For clarity, only low (L) logic levels are 
shown. All others are high (H). 


U119, U121 Inputs 


RANGE Pin 12 
x4 
200 pF L 
2nF L 
\= 
20nF L 
200 nF L 
2uF 
20 uF 
200 pF = 
2000 pF 


Pin 11 Pin 10 
x2 x1 
L L 
= 
L 
| 
3 L 
i: 
a 
LE 
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LOGIC CHART II “D” ROM (U119) and to ground for L or C. The Chart shows only the 
values for C function; the L function is identical. 
Logic Low (L): Less that +.3 VDC. : 
ic High (H): Greater than +3.5 VDC. NOTE: For clarity, only low (L) levels are shown, 
Boge nien a) Grenier then All others are high (H). An “X” indicates either a 
Comments: The function input at pin 13 (from high or low is acceptable (don’t care), Only “legal” 
SW101) is coupled through R136 to +5 VDC for D input codes (16 of a possible 32) are shown in the 


upper part of the chart. 
uti9 
INPUTS | OUTPUTS 
Pin 13 Pins 12, 11,10 Ping Pin7 Piné Pins Pin4 Pin3 Pin2 Pint 
Aa AZ AZ At |___a8 a7 06.208). 308! 03... 02). Ot 
D RANGE N.C. 1kHz Rs R7,R8 RG DP2 DP3 DP4 
L 200 pF L L 
L 2nF L L 
L 20nF L L 
L 200 nF L L 
L 2uF L L 
u * 20 uF L L L L 
L 200 pF L L L L 
ke 2000 pF L L 
200 pF L L 
2nF L L 
20nF L L 
200 nF L L 
2uF L L 
20 pF L L i: L 
200 pF L L L L 
2000 pF L L L 
ForA5 =H | 
(legal input) 
x x XL L [3 A: L L L L (a 
x xX XH 
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LOGIC CHART III “L/C” ROM (U121) NOTE: For clarity, only low (L) levels are shown. 
All others are high (H). An “X” indicates either a 

Logic Low (L): Less than +.4 VDC. H or L is acceptable (don’t care). Only “legal” input 

Logic High (H): Greater than +3.5 VDC, codes (16 of a possible 32) are shown in the upper 
part of the chart. 


Comments: RY101 and RY102 act as “pull-ups” at 
pins 6 and 7. The function input at pin 13 (from 
$W102) is coupled through R135 to +5 VDC for L 
and to ground for C. 


U121 


INPUTS OUTPUTS 


Pin 13 Pins 12, 11, 10 Pind Pin7 Pin6 Pin5 Pina Pin3 Pin2 Pint 
AS AZ A2 Al as Q7 6 Qs aa a3 a2 at 


uc RANGE N.C. RY102 RY101 RE RD RC RB RA 


L 200 pF 
L 2nF 
L 20 nF 
L 200 nF 
L 2uF 
L 
L 
L 


ere 
er 


20 uF 
200 uF 
2000 pF 


reeee 
eeee 


errr 
eeeer 


200 pH 
2mH L L 
20 mH 

200 mH 

2H 
20H 
200H 

2000 H 


— 
re 
= 
< 


Pereeeer 
rPeeee 
rete 


For A5 = H 
(llega! input) 


x 
x 


>< 
>< 
mr 
= 
i 
ra 
7 
= 
na 
gee 
- 
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SPECIFICATIONS 


Accuracy specifications apply at 22°C (72°F) after 
a10 minule warm-up. 


L(INDUCTANCE) 


Ranges .. 200 1H to 2000 H; 8 decades. 


Accuracy (£4 COURIER 65 wicca sc aaeesapaiciees +[.5% (L) + [1.5% (L) x D + .5 pH] for readings 
from 10 to 2000 counts when the Bridge is calibrated 
using laboratory standards. 


Eexeitationies 6 sa 5ea55-0 oor epehee aa Pe tae Ke. 1000 Hz sinusoidal: 80 mA on 200 ,H range decad- 
ing to 8 A on 2 H range. 


120 Hz sinusoidal: 6 A on 20 H range; .6 pA on 
200 H, 2000 H ranges. 


Impedance ‘MOdOL ses: s.cc0s ainanisa rictiiwes tenis Series R, L equivalent. 

C (CAPACITANCE) 

Ramiges: ipsgtcins eicien Hee ah Sed BTS PS TS 200 pF to 2000 pF; 8 decades. 

‘Accuracy (#2 counts)® «5s visiawces sas caarces +[.5% (C) + 1.5% (C) x D + .5 pF] for readings 


from 10 to 2000 counts when the Bridge is calibrated 
using laboratory standards. 


*When the Bridge is calibrated using the Heath-supplied calibra- 
tion package, add .5% to 1000 Hz ranges and 2% to 120 Hz ranges. 
Heath-supplied standards must be within +.5°C (+1°F) of cali- 
bration temperature during use, and stored within 15° to 32°C 
(60° to 90°F) to maintain maximum accuracy. 
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EXOLAEION 6,6, 4555¢ 1:0,8.6.¢ 400/90 4:04, 08.5050 Heivlale sls weteyeye 


‘Accuracy (20 counts)¥ s:s:2 seinesiens aisiciea ie sions 


GENERAL 


Measurement Connection ................0005 


Excitation Frequency Accuracy ............+++ 


Overvoltage Protection .........-...0eeeeeeees 


IS DIBY acini Sacdnin 3 sti sd cise te emnaress Galas tase 


Sampling Rate . . 


Wallin Ouk 1 neath ange tania ty olen a en as 
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1000 Hz sinusoidal: .8 VAC on 200 pF to 2 pF 
ranges. 


120 Hz sinusoidal: .66 VAC on 20 pF range; .066 
VAC on 200 pF, 2000 pF ranges. 


Parallel R, C equivalent. 
+.01 VDC. 0 to 10 VDC may be applied via rear 


terminals. Up to 50 VDC may be applied using exter- 
nal circuitry. 


000 to 1.999, limited to D x pF = 1000 on 2000 
pF range. 


+3% for value displays greater than 200 counts. 


Front panel slotted inputs accommodate leads up 
to 1/16” in diameter and 2-1/2", apart and provide 
4-terminal (Kelvin) measurement. 


Accessory assembly (provided) allows 4-terminal 
measurement of large or remote parts. 


+3%. 

Input protected against +20 VDC/VAC (5 seconds 
maximum), or capacitor up to 2000 uF charged to 
50 VDC. Higher overvoltage will cause an internal 
1- ampere fuse to open. 


3-1/2 digit (1999 maximum count), .43” high-bright- 
ness LED. 


2-1/2 per second. 


0 to +2.0 VDC (+5%), proportional to L, C value, 
provided at rear panel terminals. 


+(.1 x Accuracy)/°C for L, C. +(.05 x Accuracy)/°C 
for D. 


Page 76 


Heathkit 


Operating Temperature ..............eeseeeee 10 to 40°C (50 to 104°F). 


Storage Temperature .. 


0 to 50°C (32 to 122°F). 


Power Regiiirenients sts /hi< Rad ercperentd ates exis ate 120 VAC, 60 Hz, 15 watts maximum. 


Dinisnsions (overall) 650s Pesta eae’ *  3-3/4"H x 10”W x 12-1/2"D. (9.5 cm x 25.4cm x 
31.8 cm). 
WIRE s scorerscpeineatux maleieence serene’ 6.5 Ibs (2.9 kg). 


The Heath Company reserves the right to discon- 
tinue products and to change specifications at any 
time without incurring any obligation to incorporate 
new features in products previously sold. 
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CIRCUIT DESCRIPTION 


Refer to Pictorial 8-1, the Functional Block Diagram, 
and the Schematic as you read the “Circuit Descrip- 
tion” section. The component numbers are arranged 
in the following groups to help you locate specific 
parts on the Schematic and circuit boards. 


1-99 Parts mounted on the chassis or 
accessed through the front panel. 


100-299 Parts located on the main circuit 
board. 

300-399 Parts located on the display cir- 
cuit board. 


THEORY OF OPERATION 


Pure capacitance (C) and inductance (L) are consid- 
ered easy to measure. But in real components, they 
combine with resistance (R) and other types of losses 
to form impedance (Z). Therefore, to measure C or 
L, the reactive (X) portions must be separated from 
the resistive portions of impedance. 


The Digital LC Bridge uses the phase relationship 
properties of reactance and resistance to measure C 
and L. When an AC signal is applied to an imped- 
ance, the resistive response remains in phase with 
the signal source, while reactance responses fall at 
a +90 degree phase angle, depending on the type 
of reactance. The Functional Block Diagram illus- 
trates how this property is used to measure capaci- 
tance. 


The excitation circuit generates an AC signal (Ex) 
at one of two frequencies which is applied to the 
unknown capacitor. The voltage sensing circuit then 
detects the voltage drop across the capacitor (EH to 
EL). The difference voltage (E sense) is coupled to 
the regulation circuit as a reference feedback signal. 


The regulation circuit detects changes in the feed- 
back signal, and then applies a corrective voltage 
to the excitation circuit to maintain a constant test 
voltage level. For a constant voltage, the current 
through a capacitor is proportional to the capaci- 
tance. The capacitor current (I,) is applied to the 
current sense circuit which holds the EL terminal 
near 0 volts and generates an AC voltage (I sense) 
that reflects the total impedance of the capacitor. 
This signal is then applied to the measurement cir- 
cuit. 


The measurement circuit generates an impedance 
feedback signal and applies it to the loss correction/ 
sensing circuit. For this signal to be representative 
only of reactance, it must be at a 90 degree phase 
shift (quadrature) from the test signal. The resistive 
portion of the signal (in phase) must be subtracted 
from the impedance signal to meet this requirement. 


In the loss correction/sensing circuit a square wave 
from the regulation circuit gates the impedance sig- 
nal on and off. (A switched quadrature signal will 
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have an average DC voltage of 0 volts.) Any DC pre- 
sent in the switched impedance signal is used to 
control the gain of an inverting amplifier with an 
input that is in phase with the regulation circuit sig- 
nal. The output of this amplifier is the loss correc- 
tion signal, applied as a second input to the mea- 
surement circuit. The interaction of these circuits 
causes the output of the Measurement circuit to be 
at quadrature, representing only the (capacitive) 
reactance portion of the impedance signal. This out- 
put signal is then scaled and converted to a DC volt- 
age (Value output), and applied to the analog-to- 
digital (A/D) Convertor. 


The A/D circuit provides a digital display propor- 
tional to the ratio of its “In” and “Reference” inputs 
(In/Ref). For C (and L) measurements, the “Refer- 
ence” is a constant DC voltage; thus, the display is 
proportional to only the “In” voltage, which repre- 
sents the C or L value. 


When the measurement circuit produces a DC volt- 
age for C or L measurements, it also produces condi- 
tions for loss measurement. The loss correction/ 
sensing circuit gain control voltage is also applied 
to a second amplifier with a fixed DC input. Since 
the gain required in the first amplifier is propor- 
tional to the loss present in the impedance signal, 
the second amplifier’s output is also proportional 
to the loss. Dissipation factor (D) in a parallel combi- 
nation of C and R (the circuit model used) is the 
ratio of loss current to capacitor current. For D mea- 
surements, the D output is applied to the A/D In, 
and a scaled amount of the Value output voltage is 
applied to the A/D Reference input. The display then 
reflects the loss current/capacitance current ratio. 


For inductance measurements, the circuit regulates 
the current through the component, connecting the 
I sense voltage to the regulation circuit. The constant 
AC current generates an E sense voltage proportional 
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to the inductive impedance. This signal is then ap- 
plied to the measurement circuit, which operates 
with the loss correction/sensing circuit to subtract 
the in-phase portion of the impedance signal, result- 
ing in a quadrature signal proportional to the induc- 
tance. The resulting voltage is then scaled and con- 
verted to a DC voltage for measurement by the A/D 
circuit. 


D for a series L-R circuit (the circuit model used 
here) is the ratio of loss voltage to inductance volt- 
age. When D is measured, the D output, proportional 
to the series loss, is applied to the A/D circuit input 
and a scaled amount of the Value output is applied 
to the A/D converter Reference input. The ratio of 
these voltages provides a direct D display. 


The wide range of L and C values measured requires 
several gain levels in the current sense circuit. The 
Range switch circuit provides inputs to the sensing 
control circuit to select one of five resistances for 
component current sensing. 


The Range switch circuit also provides inputs to the 
Range-DP control circuit, which selects one of three 
gain levels in the regulation circuit, one gain change 
in the measurement circuit, and one of two test fre- 
quencies in the excitation circuit. The Range-DP cir- 
cuit also switches the proper decimal point for the 
selected range (none for the 2000 ,F/H range). 


The power supply circuit converts the 120 VAC line 
voltage into +5 and +15 VDC to operate the Digital 
LC Bridge circuits. The test components are used 
for “Tests and Adjustments” only. 


In addition to providing the AC test signal, the exci- 
tation circuit can provide up to +10 VDC of bias 
for capacitors when a DC source is connected to the 
rear panel Bias In terminals. The Value output volt- 
age is available for external usage at the Value Out 
terminal. 
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DETAILED CIRCUIT DESCRIPTION 


120 Hz, 1 kHz OSCILLATOR 


U101, Q101, and U102A, B, and D form a low-distor- 
tion, constant amplitude, sine wave oscillator at 
either of two frequencies. The amplitude and fre- 
quency are controlled by independent positive and 
negative feedback paths. Negative feedback, which 
controls the output level, passes from U101 pin 6 
through R104 to pin 2 of U101. Positive feedback, 
which determines the operating frequency, is 
coupled from pin 6, through C103 and R109, and 
across R106 and C102 to pin 3. 


At power on, C101 is discharged, biasing Q101 on. 
This places R103 in parallel with R105 to reduce 
the negative feedback level and start the oscillator. 
The positive peak of any signal appearing at U101 
pin 6 reverse biases D101, but the negative peak of 
any signal will forward bias D101 and D102 when 
it exceeds about 4.7-volts. The voltage on C101 then 
increases until it reaches about —1 VDC, which 
starts to turn Q101 off. The resistance of Q101 then 
adds to R103 to increase the negative feedback and 
limit the oscillator output. This feedback interaction 
results in a constant amplitude from U101, which 
is coupled to U103B. 


U102 consists of FET switches which turn on at a 
logic low. For 120 Hz operation, U102B is turned 
on by a low at the 1 kHz signal. The voltage at R111 
is then high, turning off U102A,D. The R103/R109 
and R102/R106 circuits provide “Lead” and “Lag” 
phase shifting so that maximum feedback occurs at 
120 Hz. For 1 kHz operation, U102B is turned off 
by a high from the 1 kHz signal. The voltage at R111 
is then low. This turns U102A and D on, reducing 
the overall resistance in the positive feedback circuit 
and increasing the oscillator operating frequency. 
R101 limits the charging current for C101, while 
R102 sets the capacitor’s discharge rate. These 
stabilize oscillator operation. U102C is not used in 
the circuit. It is connected at pins 9 and 11 for manu- 
facturing tests only. 


EXCITATION VOLTAGE CONTROL 


The output from U101 is coupled by R112 to U103B. 
For purposes of clarity, a simplified diagram of 
U103B is shown in Pictorial 8-2. The ID current 
sources are essentially matched, producing a 
common-mode (equal) negative bias on R112 and 
R113. The Rp value is quite small, making the inputs 
appear shorted together. Any variation in input cur- 
rent through R112, Rp, and R113 produces a voltage 
change across Rp which, through internal circuitry, 
controls the IOUT current source. A gain-controlling 
current (Igys) combines with Ip to make the Ipur cur- 
rent proportional to Ipp X Icm- 


A control voltage from the regulation circuit is con- 
nected through R162 to Q102, which translates this 
voltage (Vcontrol/R162) into Igy for U103B. The out- 
put current of U103B, proportional to Ic times Ign, 
then develops a voltage across R115 which is fed 
to power amplifier U104. The output voltage of 
U103B is thus controlled (programmed) over a wide 
range by Igy. C104 filters any high frequency noise 
from the output signal. 


U103A is not used. It is grounded, through R116, 
only for manufacturing tests. 


POWER AMPLIFIER 


U104 is a power amplifier with unity voltage gain. 
It provides the higher currents needed to measure 
high value capacitors and low value inductors. The 
AC voltage from U103B, coupled through C105 to 
R117 and R118 at the input of U104 is thus buffered 
and, appears at the output (pin 3) of U104 and is 
coupled to the component being tested. 


DC bias voltage, necessary for some capacitors, is 
connected from the rear panel Bias In to R118 and 
through R117 to the input of U104. This provides 
a DC offset voltage, which is routed through the pro- 
tection circuit to the test connectors. Since U104 has 
no voltage gain, the bias voltage at R118 appears un- 
changed at pin 3 and charges the capacitor under 
test. 
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OVERVOLTAGE PROTECTION 


Under normal conditions, only the AC test voltage 
appears at test jacks J1 and J2. If a charged capacitor 
or voltage source is connected to the test connectors, 
protection is needed for the measurement circuitry. 


Normally, the voltages at J1 and J2 are below the 
thresholds of D103/D104, D105, and D106. When a 
charged capacitor is connected at J1 and J2, depend- 
ing on polarity, either D105 or D106 begins conduct- 
ing, limiting voltage at U107 to +.7 VDC. This volt- 
age also applies forward bias through F101 to D103 
and D104 until the threshold of approximately + 13 
volts is reached. When D103/D104 conducts, the low 
impedance of this circuit, through R123, allows the 
capacitor to discharge through R122 and RY101 and/ 
orR121. 


If a very large charged capacitor, or voltage above 
20 VDC appears at J1 and J2, it will cause excess 
current flow through F101, opening the fuse and re- 
moving the overvoltage from U104. C111 prevents 
DC voltages (below its 50 volt rating) from reaching 
U106A. 


VOLTAGE SENSE DIFFERENTIAL 
AMPLIFIER 


Voltage measurements across a component being 
tested are made in a floating, or differential, manner. 
U106A measures the voltage of the component by 
subtracting any AC voltage appearing at Js, the low 
sense contact, from that at Jy;s, the high sense con- 
tact. 


Assume voltage appears only at J1 (JHS). The AC 
voltage at JHS is coupled through C111 and R126 
to pin 2. With pin 3 appearing to be grounded, nega- 
tive feedback current is provided through R129 to 
prevent any signal from appearing at pin 2. With 
R126 equal to R129, this results in an inverted out- 
put signal equal to the input voltage. 


Assuming voltage now appears only at J2 (JLS), any 
AC voltage appearing at pin 3 of U106A is halved 
by voltage divider R127 and R128. The R126/R129 
feedback circuit establishes the circuit gain at 2, for 
any pin 3 voltage, producing an output voltage equal 
to that at J2 (JLS) but not inverted. The circuit oper- 
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ates independently for JHS and/or JLS voltages, so 
the combined voltage at the output of U106A is then 
equal to the voltage difference between J1 and J2, 
or the voltage across the component. This output 
voltage becomes E sense for measurements. 


R124 and R125 are normally shorted when J1 and 
J2 make proper contact with the leads of the compo- 
nent being tested. Should a poor contact be made, 
the resistors act to couple some of the test voltage 
to U106A, preventing circuit overrange. However, 
there will be a large error and may be some instabil- 
ity in the display reading. 


CURRENT SENSING (SINK) 


While it performs only a limited function, the cur- 
rent sensing circuitry is the central circuit for the 
Digital LC Bridge. 


Any component test current flows from U104, 
through the component, and to the junction of sev- 
eral decade-related resistors. U108 (and other cir- 
cuits) selects the proper resistor for the function (L 
or C) and range selected, and connects it to the out- 
put of U107. U107 uses its gain to keep the voltage 
at pins 1 and 2 equal. Therefore, U107 provides cur- 
rent through the selected precision resistor equal to 
that through the unknown component. This current 
(sink) action holds the J2 end of the component near 
0 volts. 


The input voltage to U106B is an accurate, decade- 
related representation of the current through the re- 
sistor. The input impedance of U106B is very high 
to limit circuit loading. To provide maximum accu- 
racy when the low value resistors are selected, the 
switching must be as resistance-free as possible. The 
extra switching in this circuitry ensures low switch- 
ing resistance. U108 provides dual switching con- 
tacts for R171, R172, R173, or the R174/R175 combi- 
nation, for ranges to the 200 nF range. U116C pro- 
vides additional switching contacts on this range be- 
cause the switch resistance (X3, Y3) of U108 is high 
compared to the combined value of R174/R175. 
U116B and RY102 select R174 only, and provide 
connections for this resistor, used on the 2 pF to 
2000 «F ranges. All switches in U108 are off on these 
ranges. The output of U106B becomes the I sense 
voltage for measurements. 
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For most capacitance ranges, stray capacitance and 
the value of C108 are negligible. On the 200 pF and 
2 nF ranges, however, these become significant, al- 
though constant. Therefore, they could be subtracted 
from the displayed value. The Lead Null circuit pro- 
vides the means to remove most of this offset. 


U105B couples an AC signal to R1 which is an inver- 
ted, proportional sample of the test voltage. R1 then 
couples some of this signal through C109 to the cur- 
rent sense circuit. Stray capacitance and C108 also 
couple small amounts of the test signal to the same 
current sense point. Properly adjusted, R1 sets an 
equal but opposite-phased current to cancel (null) 
the effects of stray capacitance current. Without the 
value of C108, stray values would be so small as 
to keep R1 near one end of its range. C108 moves 
the null adjustment point more within the linear 
area of the control range. 


REFERENCE FEEDBACK GAIN AMPLIFIER 


For inductance measurements, a voltage propor- 
tional to the test current is connected to the junction 
of R151, R153, and R155. Capacitance measurements 
feed the test voltage to this point. Three test levels 
are used, in combination with the current sensing 
resistors (R171-R175) and one other scaling change, 
to provide the eight test ranges. 


The output of U111A remains at a constant 1.7 VAC 

* for each range. For the first five ranges (200 pF-2 
uF), both switch sections of U109 remain open, 
while the sensing resistors switch from 100 kQ to 
10 9. The 1 kHz test signal remains at .8 VAC for 
these ranges, and R155 and R156 set the gain of the 
U111A circuit. 


For the next range (20 pF), the test voltage must 
change to .66 VAC at 120 Hz. U109D closes, placing 
R153 and R154 in parallel with R155 to increase the 
gain of U111A. R154 calibrates the range. For the 
last two ranges (200-2000 iF), the test voltage must 
change to .066 VAC. U109A closes, while U109D 
opens, placing R151 and R152 in parallel with R155 
to further increase the gain of U111A. R152 provides 
calibration for both of these ranges. 
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For inductance measurements, the test current is 
regulated, but calibration remains the same. The in- 
ductance ranges use the same test voltages and fre- 
quencies, which produce test currents of from 80 
mA to .066 A. The sensing resistors are used in 
reverse order for inductance ranges, starting with 
R174 (10 Q) for the lowest to R171 for the three high- 
est. Switches U109A and D operate in the same man- 
ner as for capacitance measurements. 


The output of U111A is fed to two circuits. The first 
circuit produces a phase-shifted output used to drive 
the “quadrature” switch. The second circuit is the 
loss correction circuit, which uses a portion of the 
sensed test signal, to cancel the in-phase (resistance) 
portion of the measured signal. 


PHASE SHIFT BUFFER 


Operation of the loss correction circuit is based on 
the relationship of voltage and current in a purely 
reactive component. Reactive voltage and current 
are in “quadrature” (have a 90° phase angle). The 
quadrature switch circuit produces a DC output cor- 
responding to the phase relationship between its 
input signal and its switching signal. To help center 
its operating range, a slight phase shift offset in the 
U111B circuit advances the switching signal phase 
and is later matched in other circuits which cancel 
this effect by advancing the measured signal phase 
the same amount. 


For all 1000 Hz test frequency ranges, U109B re- 
mains open. C114 and R157 then provide an approx- 
imate 15 degree phase shift. The high input imped- 
ance of U111B prevents loading of the signal from 
U111A, and its unity gain produces the same output 
as U111A. For the 120 Hz ranges, U109B closes, 
switching C113 in parallel with C114, to produce 
the same 15 degree shift for the 120 Hz ranges. 


EXCITATION VOLTAGE REFERENCE 


The output of the regulation circuit is a DC voltage 
to Q102, which controls the gain of U103. This volt- 
age results from the error between a DC voltage pro- 
portional to the feedback signal and a fixed reference 
to which it is compared. 
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The DC reference voltage is provided by U105B, con- 
nected as an inverter with pin 5 grounded. Input 
current is produced by the +15 VDC supply across 
R141-R145. The output at pin 7 is a negative voltage 
which provides feedback current through R146 to 
hold the inverting input (pin 6) at 0 volts. R144 cali- 
brates the output, while jumpers W101-W103 
change the input current in fixed steps, providing 
a wide circuit adjustment range. The output voltage 
is adjusted to approximately — 10 VDC. 


FULL-WAVE RECTIFIER, ERROR 
INTEGRATOR 


The AC signal from U111B is rectified by U112A 
and its output is applied to the input of integrator 
U112B. This is accomplished through two paths. 


The positive portion of U111B’s output drives the 
output of U112A negative. Pin 6 of U112B is main- 
tained at 0 volts by feedback action; thus D108 is 
reverse biased, disconnecting U112A from the cir- 
cuit. Feedback through D107 prevents U112A’s out- 
put from being driven to its negative limit. With 
D108 reverse biased and U112A pin 2 at 0 volts, 
no useable output from U112A is developed through 
R161 or R164. Thus, for a positive U111B output, 
the only current is through R159 to U112B. 


For the negative portion of the output from U111B, 
the output of U112A goes positive. This forward 
biases D108, drives the junction of R161/R164, and 
produces feedback to pin 2 through R161. The equal 
values of R161 and R158 produce an output from 
U112A that is equal, but inverted, to the U111B out- 
put. This positive voltage drives the U112B input, 
through R164, while the negative signal from U111B 
drives the same input through R159 at half the R164 
current, making the net input current positive. In 
fact, the positive current through R159 for positive 
portions of U111B output, and the positive net cur- 
rent for the negative portion of the U111B output, 
are equal. These are summed at the input of U112B, 
and are proportional to the AC output of U111B. 


Without negative current from U105B through R163, 
the positive currents mentioned above are averaged 
(integrated) by charging C115. However, since no DC 
feedback exists between U112B pins 6 and 7, a con- 
stantly increasing negative U112B output results as 
a response to any positive input as an attempt to 
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maintain equal voltages at pins 5 and 6. This nega- 
tive increase tends to reverse bias Q102 to lower the 
gain of U103. This reduces the test voltage/current 
level, which reduces the feedback signal through 
U111 and results in reducing the U112A DC output. 
Due to the high gain levels, this feedback could re- 
duce the test level to zero since any positive input 
to U112B would be counteracted. 


Without positive current at the U112B input, nega- 
tive current from U105B would force the U112B out- 
put positive in the manner described above, thus 
increasing test levels and feedback. From the com- 
bined efforts of these two inputs, the feedback signal 
and the test voltage/current levels are maintained at 
a precise level, set by the current through R163. 


Although no direct DC feedback exists in the U112B 
circuit, there is high AC feedback through C116. 
R165 and R166 provide discharge paths for the C115 
and C116 voltages to speed the circuit response. 
D111 limits temporary negative output voltages, 
since this would completely reverse bias Q102, R167 
provides an approximate bias, with R165 and R166, 
to Q102 in the “Tests and Adjustments,” before 
U112 is installed. 


VALUE, LOSS SUMMING AMPLIFIER 


Two signals are combined at the input of U117A, 
The first is the sensed current or voltage (I sense 
or E sense) containing the reactive and loss voltage 
components. The second is an inverted signal ad- 
justed to cancel the loss portion of the sensed signal. 
A gain change is also provided on the highest L and 
C range. 


The sensed signal is applied through R225-R227 to 
the input of U117A. On all except the highest range, 
U116A remains closed, bypassing R225 and R226. 
The input current through R227 is then matched by 
feedback current through R229. The loss correction 
signal at R228 also contributes current which adds 
or subtracts to the R229 current in proportion to the 
output of voltage control amplifier U114A. 


On the highest range, sensitivity to the sensed signal 
is decreased by U116A being opened (turned off). 
This adds R225 and R226 in series with the sensed 
signal input path, with R226 calibrating the highest 
range. The U117A output signal is then fed to the 
phase shift circuit of U117B. 
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The phase shift of the quadrature switching signal 
at U111B is matched by a phase shift, at U117B, 
of the sensed signal. The output from U117A is ap- 
plied to C124, C125, U116D, R231, and R234. This 
circuit shifts the signal phase about 15 degrees at 
120 Hz and 1 kHz to match the shift from U111B. 
R232 and R233 provide a means to cancel any inter- 
nal DC offset in U117B, ensuring that the output at 
pin 7 will be at a 0 VDC level. The output from 
U117B is applied to the U118A and B measurement 
circuit, and as feedback through U109C to the loss 
correction circuit. 


COMPARATOR, QUADRATURE SWITCH 


The signal from U111B must be converted to an “on- 
off” square wave to drive the quadrature switch used 
to sample the loss feedback signal from U117B. 


U113 is a high-gain, high-speed device which 
switches quickly in response to a small voltage dif- 
ference between its inputs. The inverting (—) input 
is grounded through R208, setting the switching 
threshold at 0 volts. When the signal at R207 goes 
positive, the output quickly switches from low to 
high, being pulled to +5 VDC by R213. This positive 
change is also AC- coupled as a hysteresis-type feed- 
back through R209/C118 to speed the switching ac- 
tion. When the input passes back through 0 volts, 
circuit action reverses with R209/C118 again speed- 
ing the transition. 


U113 drives switch U109C, at a 50% duty cycle, 
which applies the loss sensing signal to the input 
of U115A. The switch output is held at 0 volts by 
R214 when U109C is open. 


INTEGRATOR 


This circuit controls U114A and B, through Q103, 
in response to any DC content in the loss feedback 
signal. 


The switched loss feedback signal from U109C is 
applied to U115A through R215. This signal is inte- 
grated by C121 in the same manner as described in 
the error integrator circuit of U112B. Any DC in the 
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signal causes a continuously increasing DC output 
at U115A, pin 1; for example, a negative DC input 
causes an increasingly positive DC output, and vice 
versa. The output voltage drives current-to-voltage 
translator Q103, which operates similarly to Q102, 
to controls the gain of U114A and B. AC feedback 
and improved circuit response are provided by 
R216, R217, and C122. D112 limits any temporary 
negative voltage condition. 


LOSS VOLTAGE CONTROL 


Loss correction is centered at U114A. The input 
from U111A to U114A is inverted, but in phase with 
the test voltage/current, while the amplifier gain cor- 
responds responds to the loss of the tested compo- 
nent. As previously described, the U114A output is 
summed through R228 to U117A to cancel out any 
in-phase (loss) portion of the measured signal. 


The inverting (—) input of U114A is referenced to 
ground through R219, making the circuit a nonin- 
verting amplifier. The input signal produces an 
input current through R218, an internal resistance 
(Rp), and R219 in the same manner as in the circuit 
of U103B. C123 provides a small phase adjustment 
for the 1000 Hz ranges, while gain is controlled by 
Q103. 


The U114A internal circuitry responds to the input 
and gain control currents to produce an output cur- 
rent to R228 and R224. R224 increases the output 
load current to improve internal circuit linearity at 
low current levels. Without R224, the output current 
would only pass through R228, and the circuit sen- 
sitivity may not be high enough for very low loss 
levels. Since current flows equally through both re- 
sistors, all levels of operation are effectively doubled 
to extend the measurement range. This scaling does 
not affect the circuit operation since the circuit as 
a whole is a closed feedback loop. R221 serves to 
program the Rp resistance. 


The previous descriptions have shown how the exci- 
tation, regulation, and loss correction circuits work 
together to provide an AC voltage proportional to 
the L or C value. The remaining descriptions will 
explain the conversion of this voltage to a digital 
display. 
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FULL-WAVE RECTIFIER, 
SCALING 


INTEGRATOR/ 


The output of U117B is coupled through by C126 
to U118A and B. Except for D113 and D114 being 
reversed to produce a negative output from U118A, 
this circuit rectifies the AC voltage at its input 
exactly as U112A does. Its output is applied to integ- 
rator U118B. 


The integrating circuit of U118B is slightly different 
from previous integrating circuits. It has a DC feed- 
back to force its output to a DC voltage proportional 
to the AC-related input currents. The output is a 
positive, 0 to +2.0 VDC signal for each L or C range. 
R243 to R245 provide zeroing of any offset voltage 
in U118B. The output voltage of U118B is also pro- 
vided, through current limiting resistor R176, as a 
DC voltage for external measurement or comparison. 


DISSIPATION VOLTAGE SCALING 


The loss correction circuit relies on gain control of 
U114A by current from Q103, which is proportional 
to the loss of the part being tested. An equal current 
from Q103 is applied to U114B to provide a DC volt- 
age also proportional to loss. 


Voltage from the +15 VDC supply is divided by 
R191 and R192 to provide a constant input current 
for U114B (through R193). Therefore, only the gain 
control current from Q103 controls the output. This 
circuit operates as an inverter with its output cur- 
rent, a product of IGM x IRD, equally divided be- 
tween R197 and R198. This division increases the 
internal operating currents to reduce potential errors 
at low loss and value levels. Current through R197 
provides the input for U115B, while R195 programs 
the Rp for this circuit. 


Current through R197 causes a feedback current 
through R199, R201, and R202 to provide an output 
at U115B proportional to the loss. Gain is calibrated 
by R202, and W104 provides a coarse calibration 
step to extend the adjustment range of R202. C117 
produces high AC feedback to reduce circuit noise, 
while R203 to R205 provide a zero adjustment. R206 
furnishes a linearity correction for high loss and 
high value readings. The output of U115B is a posi- 
tive 0 to +2.0 VDC level representing the loss of 
the component being tested. 
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Note that the input circuits of U114A and B are 
impedance-matched, the output currents of both are 
halved, and the Ip and gain control currents are 
matched. These similarities slave the operation of 
U114B to that of U114A so the DC output of U114B 
remains proportional to component loss. 


VALUE, DISSIPATION MEASUREMENT 
SCALING NETWORK 


The A/D display results from a 0 to +2.0 VDC mea- 
surement input with a +1.0 VDC (or 0 to +1.0 VDC) 
reference input. These are scaled and/or selected by 
switch SW101. 


Input to the A/D converter is provided directly from 
U118B, through SW101 pins 8 and 9, for all L and 
C measurements. The +1.0 VDC reference input for 
these functions is provided by voltage divider R133/ 
R134 through pins 5 and 6 of SW101. 


The A/D input for the D function is provided from 
U115B through SW101 pins 7 and 8. To limit the 
full scale A/D reference input to +1.0 VDC, the out- 
put of U118B is halved by a voltage divider and this 
scaled voltage is fed to the A/D circuit through pins 
4 and 5 of SW101. A slight offset adjustment to the 
A/D IN LO input is also provided by R137-R139. 
This is used for zeroing this function (as a special 
adjustment) when low dissipation is measured at 
low L or C values. This adjustment is enabled only 
for D measurements. 


A/D (Analog-to-Digital) CONVERTER 


All functions provide a DC voltage which is applied 
through switches to the input of the A/D converter. 
The converter uses a dual-slope ramp technique to 
convert the ratio of two DC voltages to a digital dis- 
play. A single integrated circuit, U301, incorporates 
counting, decoding, and display-driving circuitry, in 
addition to the digital conversion circuits. The fol- 
lowing paragraphs describe how this circuit oper- 
ates. 


The entire A/D conversion timing sequence is driven 
by the oscillator shown in simplified form in Picto- 
rial 8-3. R302 and C302 determine the oscillator fre- 
quency, approximately 40 kHz. The oscillator signal 
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is internally divided to provide a 10 kHz clock used 
by the digital and timing circuits within the A/D con- 
verter. This provides 2-1/2 conversions per second 
(400 ms period), which gives quick response to mea- 
surement trends and this exact sampling internal 
suppresses line-voltage frequency (50 and 60 Hz) 
noise. The display segments are checked during test- 
ing when the LAMP TEST pins are shorted together. 
This shorts the supply voltage to the oscillator, caus- 
ing it to stop, and lights “1888” on the display. 


The 10 kHz clock provides the timing intervals 
shown in Pictorial 8-4 to the switching circuit 
shown in Pictorial 8-5. There are three sequential 
time intervals in each measurement cycle: integra- 
tion of the input signal (INT), application of a refer- 
ence voltage (REF), and an offset self-correction in- 
terval (auto-zero, or A/Z). These are explained sepa- 
rately below. 


INT (Integration) 


At the beginning of this interval (internal clock 
counters at 0000), the INT switch closes. The REF 
and A/Z switches are open. 


The A/D input voltage, filtered by R303 and C303, 
is applied to U301 at pin 31 (IN HI). Pin 30 (IN LO) 
is (essentially) connected to ground. Any voltage 
present at pin 31 is coupled through a high input-im- 
pedance, unity-gain buffer to R304. 


Assume that C306 has 0 volts of charge, and that 
C305 is shorted. DC voltage at the output of the buf- 
fer causes current flow through resistor R304. The 
gain of the integrator causes an equal current of op- 
posite polarity to flow into C306 to hold the negative 
(—) input equal to its positive (+) input (circuit 
ground). C306 develops a charge voltage that is op- 
posite in polarity to the input voltage and of a peak 
magnitude (at the end of the INT interval) that is 
proportional to the input voltage. The actual value 
of R304 or C306, however, is not critical to measure- 
ment accuracy, as is explained later. 


The INT interval is a constant 1000 clock pulses (0.1 
second) for each measurement cycle. This 0.1 sec- 
ond interval was chosed to improve measurement 
stability in the presence of radiated (or input- 
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coupled) AC signals at the line voltage frequencies 
of 50 and/or 60 Hz. The 0.1 second period contains 
an exactly even number of cycles at these frequen- 
cies (five for 50 and six for 60 Hz) and, since the 
voltage is equal at the same (even) points on a sine 
wave, the display stability is not greatly affected by 
the presence of AC on the DC. At the end of the 
INT interval, the comparator output is either high 
or low, depending upon the polarity of the integrator 
output voltage (even for very low A/D input volt- 
ages). The state of the comparator output at the end 
of the INT interval controls the polarity of the refer- 
ence voltage described next. 


REF (Reference) 


During this interval, the REF switch (see Pictorial 
8-5) is closed and the INT and A/Z switches are 
open. The reference circuit shown is internal to 
U301 and should not be confused with other refer- 
ence circuitry. 


The reference voltage within U301, applied during 
the REF interval, is constant during each measure- 
ment cycle and may be either positive or negative, 
depending on the polarity of the A/D input. 


The polarity of the reference voltage is determined 
by the comparator output (logic level) at the end of 
the preceding INT interval and is opposite in polar- 
ity to the input voltage. Similar to the previous INT 
operation, this causes the integrator output to down 
ramp from its peak back to a zero level. When the 
zero level is reached, the comparator output changes 
state, signaling that the REF interval is complete. 


The difference between the INT and REF intervals 
is that, during the INT interval, the slope of the in- 
tegrator output (to the peak value) is proportional 
to the input voltage. During the REF interval, the 
slope is proportional to the (constant) REF voltage. 


Note that the only change during this interval is the 
buffer input voltage (A/D input during INT; refer- 
ence voltage during REF). For this reason, the mea- 
surement results (display) depend only on the A/D 
input and the reference voltages. The actual value 
of R304 or C306 is unimportant since the same parts 
are used for both the up-ramp and down-ramp. 
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Since the slope of the integrator output during the 
REF interval is constant, the time when the integ- 
rator output is returned to the zero level is propor- 
tional to the peak voltage reached at the end of the 
INT interval, which is proportional to the input volt- 
age. 


Counting circuits in the integrated circuit accumu- 
late clock pulses during the REF interval until the 
comparator output changes state (reaches zero level). 
For a low input level, the zero level is reached quick- 
ly and only a few counts are accumulated. For full- 
scale inputs, however, up to 2000 counts may be 
accumulated. These situations are illustrated in Pic- 
torial 8-4. You should note that, for ease of under- 
standing, the integrator and buffer waveforms in Pic- 
torial 8-4 correspond to a negative A/D input voltage. 
These are normally inverted in the Digital LC Bridge 
since the A/D circuit is measuring only positive volt- 
ages. 


This circuit operation, as described earlier, depends 
only on the A/D input and reference voltages. The 
following equation shows this mathametically: 


(INHI — INLO) 
(REF HI— REF LO) 


Counts Displayed = x 1000 
where IN HI —-INLO = A/D input = Vyy and 
REF HI — REF LO = reference voltage = Ver 


For the L and C functions, VIN is the 0 to +2.0 
VDC, U118B (“V”) output, and VREF is a fixed +1.0 
VDC. For the D function, VIN is the 0 to +2.0 VDC, 
U115B (“D") output, and VREF is 0 to +1.0 VDC 
(one-half of the U118B output). 


The following equations further simplify these re- 
lationships: 


Counts Displayed = “V" x 1000 for Land C 


Counts Displayed = —- x 2000 forD. 


If 2000 counts are accumulated and the integrator 
output has not been returned to the zero level, the 
comparator output does not change state. This is 
used to indicate an overrange. 


The number of counts accumulated is internally 
stored, while other storage circuits register the polar- 
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ity (or if an overrange occurred). The count and over- 
range data are then decoded to drive the LED dis- 
play. The duration of the REF interval is variable 
from 0 counts (0 seconds) to 2000 counts (0.2 sec- 
onds). The auto-zero function begins immediately 
upon completion of the REF interval, and is de- 
scribed next. 


A/Z (Auto-Zero) 


Without correction circuitry, the operation of the 
AID circuit would be highly sensitive to some vari- 
able conditions such as semiconductor error volt- 
ages, temperature, etc. U301 automatically performs 
a self-correction on each measurement cycle, which 
almost completely eliminates the effects of these var- 
iables. 


During the A/Z interval, the A/Z switches shown in 
Pictorial 8-5 are closed and the INT and REF 
switches are open. The switch that closes to ground 
at the buffer input causes its output (one end of 
C305) to be equal to any offset voltage error in the 
buffer. The switch that closes across the comparator 
(and integrator) causes the other end of C305 to be 
at a voltage equal to the total offset voltages of these 
circuits (and any current-induced error voltages). 
The end-to-end voltage on C305 at the end of the 
A/Z interval is, therefore, equal to the sum of all 
of these errors, and offsets the operation of the cir- 
cuit by this amount during the next INT and REF 
intervals. Since the integrator and A/Z switches are 
very high resistance semiconductor circuits, there 
is no discharge path that would affect this voltage 
during the INT and REF intervals. Any input to C305 
is not reduced at its output and, therefore, C305 ap- 
pears as a short circuit during these times. This auto- 
zeroing action makes U301 appear to have perfect 
circuitry for each measurement cycle. 


The A/Z interval begins at the end of the combined 
INT and REF intervals (1000 to 3000 clock cycles) 
and ends when the internal clock counter circuits 
increment from 3999 to 0000. A new INT interval 
then begins and the measurement cycle repeats. 


The only component parameters that have an effect 
on the circuit's measurement performance are the 
long-term stability of the reference voltage (after cali- 
bration) and the leakage resistance of C305 and C306 
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(which is very large). The R141, R191, and R133 con- 
nections are all tied to the +15 VDC supply, and 
these each establish or regulate the “V”, “D", and 
fixed reference voltages. The A/D’s ratio-measuring 
circuitry automatically cancels out any variation in 
this voltage. These elements combine to provide a 
stable and accurate measurement circuit. 


A/D DISPLAY and SUPPLY VOLTAGE 
CIRCUIT 


As you can see on the Schematic, numeric LED dis- 
plays V301 to V304 are powered from the +4 volt 
supply. Each display segment connected to U301 is 
returned (via pin 21) to the power supply ground 
through current-regulating drivers (FET’s) inside 
U301. This display drive technique minimizes varia- 
tions in brightness from + 4 volt supply variations. 


Decimal numbers from 000 to 999 are shown on 
301 to V303 as lighted combinations of the seven 
segments, and a separate 1 is lighted in V304 for 
displays from 1000 to 1999. 


Decimal point segments in V302 to V304 are lighted 
by a logic low level to R185, R184, and R183, respec- 
tively. The decimal point drive circuitry is described 
later. 


U301 measurement circuits are powered from the 
+5 volt supply (V DD at pin 1), which is filtered 
by C309, and from the —5 volt supply (pin 26), fil- 
tered by C307. The internal digital supply voltage 
(V DD to TEST) is filtered by C308. 


RANGE SWITCH 


Switch SW1 provides BCD (binary-coded-decimal) 
logic signals to U119 and U121 as a ground (logic 
0) from switch contacts 1 (or 2), 3, and 4, in binary 
combinations. Ungrounded contacts are held at +5 
volts by pull-up resistors R179, R181, and R182. The 
X1, X2, and X4 inputs to U119 and U121, therefore, 
change from logic “000” (decimal 0) on the 200 pF/ 
wH range to logic “111” (decimal 7) on the 2000 ,F/ 
Hrange. 
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RANGE CONTROL 


Integrated circuit U119 is a read-only memory 
(ROM) IC which provides a set of specific output 
logic levels for each set of input levels. The input 
levels from Range switch SW1 connect to pins 10, 
11, and 12 for X1, X2, and X4, respectively, while 
a fourth input from SW101 (D) connects to pin 13. 
The outputs (pins 1 to 7) control various range-re- 
lated circuits in response to these inputs. 


The outputs at pins 1, 2, and 3 light the display 
decimal points at V304, V303, and V302, respec- 
tively, by placing a logic low at DP4, DP3, and DP2 
for the L and C functions. For the D function, only 
the decimal point at V304 (DP4) is lighted. 


The outputs at pins 4, 5, and 6 control FET switches 
U109D, U109A, and U116A, respectively. The out- 
put at pin 7 controls the test frequency selection at 
U102B and the phase shift capacitor selection at 
U109B and U116D. These outputs are the same for 
the L, C, or D function. 


SENSE CONTROL 


Another ROM, U121, also provides specific output 
levels for each set of input levels from SW1. Inputs 
from SW1 are the same as for U119, with the fourth 
input, at pin 13, coming from L switch SW102. The 
output levels from pins 1 to 7 control various cur- 
rent-sensing and sensitivity-related circuitry. 


Outputs from pins 1, 2, and 3 control the internal 
switching in U108 using the RA, RB, and RC inputs. 
The pairs of FET switches closed in U108 corres- 
pond to the binary code shown on the schematic 
(near U108). These switches select current sensing 
resistors (R171 to R175) as shown. When RC is high, 
all switches in U108 are opened and disabled. 


The outputs at pins 4 and 5 of U121C control U116C 
and U116D, respectively. These switches operate in 
conjunction with U108 or RY102 to select the lower- 
value sensing resistors. 


The output at pin 6 powers RY101. This relay 
switches R122 across R121 when higher test currents 
are required from U104. D115 protects the output 
of U121 from the reverse voltage developed by the 
coil of RY101 when the relay de-energizes. 


Page 88 


The output at pin 7 powers RY102, which acts with 
U116C to select the 10 © current-sensing resistor 
(R174). D116 protects the U121 output. 


POWER SUPPLY INPUT 


Power from a 120 VAC source is connected to the 
Digital LC Bridge through fuse F102 and Power 
switch SW104 to transformer T1. The secondary 
windings of T1 provide the lower AC voltages, 
which are rectified, filtered, and regulated to power 
the various circuits. 


+15 VOLT SUPPLIES 


Positive half-cycles at the Red secondary leads of 
T1 are rectified by D118 and D119 to charge C132 
to approximately +22 VDC. This voltage is then 
series-regulated by U122 to provide a +15 VDC out- 
put at C131. This type of regulator is internally 
short-circuit protected. The “+15” solder pad on the 
foil side of the main circuit board provides a means 
to disconnect the load circuitry from the regulator 
output. The +15 volt supply is then further filtered 
in other circuits by C141, C143, etc. 


Negative half-cycles are rectified by D121 and D122 
to charge C134 to —22 VDC, which is regulated by 
U123 to —15 VDC. The output of U123 is then fil- 
tered by C133, and the “-15” solder pad allows dis- 
connection of the load circuitry. The —15 VDC sup- 
ply is further filtered in other circuits by C142, C144, 
etc. 


sg 
Heathkit 
+5 VOLT and +4 VOLT SUPPLIES 


Positive half-cycles at the Green secondary leads of 
T1 are rectified by D124 and D125 to charge C136 
to approximately +11 VDC. This voltage is then 
series-regulated by U124 to provide +5 volts at 
C135. The “+5” solder pad allows disconnection 
of the load circuitry from the regulator. Further fil- 
tering is provided in other circuits by C167, C169, 
and C171. 


Similarly, D126 and D127 rectify the negative half- 
cycles to charge C138 to — 11 VDC for input to U125. 
The regulated —5 VDC output is then filtered by 
C137, and the “—5” solder pad allows the regulator 
to be disconnected from the load circuitry. C168 pro- 
vides further filtering in other circuits. 


The +4 volt supply (actually about 4.3 VDC) is pro- 
vided by the voltage drop across D123 from the +5 
volt supply. This reduced voltage lowers the power 
dissipation in U301. 


MISCELLANEOUS CIRCUITS 


In the “Tests and Adjustments” section, you tested 
several AC voltage points by measuring DC voltage. 
This DC voltage is produced by connecting TP AC 
to the test point. D117 then rectifies the voltage, 
charging C129 to a positive DC level. R246 provides 
a discharge path and TP DC provides a measuring 
point. 


The RTEST and CTEST components are used in the 
“Tests and Adjustments” section to provide a simple 
test of the “C” and “D” circuit operation on the 200 
pF range. 
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SEMICONDUCTOR 
IDENTIFICATION CHARTS 


DIODES 


HEATH 
COMPONENT PART 
NUMBER NUMBER 


D117 56-26 
D101, 56-56 
D107-D116 

D102 56-612 


D103, D104 56-677 
D105,D106, 57-65 
D118-D127 


DISPLAYS 


'V301-V304 411-853 


TRANSISTORS 
Q102,Q103 417-235 
Qio1 417-998 


MAY BE IMPORTANT: THE BANDED END OF DIODES 
REPLACED KEY CAN BE MARKED IN A NUMBER OF WAYS. 
WITH NUMBER 4 , 
tis 4 LL 
1N191 AI PS. AA 7 
1N4149 Sa 
BANDED END (CATHODE) 
1N5229B 
1N5350B 
1N4002 
Pin, cownection 
1. CATHODE a 
2. CATHODE | 
3. ANODE 
4.) NO PIN 
P7651 BI 5. NO PIN 
6. NO CONN. 
7. CATHODE 
8. CATHODE d 
9. CATHODE dp 
10, CATHODE c 
11, CATHODE 
2N4121 C1 12. NO PIN . 
PN4393 c2 13. CATHODE b 
14, ANODE 
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INTEGRATED CIRCUITS 

HEATH MAY BE 
COMPONENT PART REPLACED KEY 
NUMBER NUMBER = WITH NUMBER 
U112,U118 442-21 MC1458N Di 
ut24 442-54 7805 02 
uUni3 442-75 LM311N D3 
u122 442-667 78M15 D2 output aa ve 
uto1 442-679 TLO61CP D4 
U125 442-683 79MO5 DS wv einurs 
U105,U106, 442-707 LF353N/ D1 INPUT 
U111, U115, TLO72 NON-INV I 
U117 INPUT A INPUT B 
301 442-724 ICL7107CPL_ D6 7 sac 
U102,U109, 442-770 DG211C D7 bea Le J input e 
u1t6 
u108 442-774 4052B Ds 
U123 442-775, 79M15 D5 


NULL 
BALANCE/ NG V+ OUTPUT (N2) 
V+ C STROBE BALANCE 8}-f7}_fo}-fs} 


1 2 314 
OFFSET INV. NON V- 
NULL INPUT INV 
(Nt) INPUT 


¢ 
x DATA DATA 
D 3 NO Yoo x2 x1 ouT xO x3 ta mM 
Ns uJ ‘D v+ CON 5 Mu B 2 n 10 9 
To) fis}_fie}_fo}_fie Ki 
» er 1 
Of ° 
PGPCREPG REG 


Yo Y2 ¥ YS Y¥1 INHIBIT Vee Ves 
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MAY BE 
REPLACED KEY 


NUMBER NUMBER = WITH NUMBER 
U104,U107 442-776 + wA77000U1C._ D9 
OR 
pA75QUIC 
U103,U114. 442-777 CA3280E=—s10 
utt9 444-329 Availableonly 11 
from Heath Co. 
utet 444-330 Available only 11 
from Heath Co. 
Int IN] Ve OUT OUT Ve Ins IN Nee OR aa: lg a 8 
A A A A Bee & to}_-fis}_frg}_fi3}_fr2}_fn}_fo}_f 
1o}fis}|_fre}_fi3]}_frz}_f n}_J to}_f 9} r 
» > 
e 1 sto Pe Ur 
gop Og gO egal a ea ee ate er oe 


CUSTOMER SERVICE 


REPLACEMENT PARTS 


Please provide complete information when you request re- 
placements from either the factory or Heath Electronic Cen- 
ters. Be certain to include the HEATH part number exactly as it 
appears in the parts list. 


ORDERING FROM THE FACTORY 


Print all of the information requested on the parts order form 
furnished with this product and mail it to Heath. For telephone 
orders (parts only) dial 616 982-3571. If you are unable to 
locate an order form, write us a letter or card including: 


© Heath part number. 

© Model number. 

® Date of purchase. 

© Location purchased or invoice number. 

© Nature of the defect. 

© Your payment or authorization for COD shipment of parts 
not covered by warranty. 

Mail letters to: | Heath Company 

Benton Harbor 

MI 49022 

Attn: Parts Replacement 


Retain original parts until you receive replacements. 
Parts that should be returned to the factory will be listed 
on your packing slip. 


OBTAINING REPLACEMENTS FROM 
HEATH ELECTRONIC CENTERS 


For your convenience, “over the counter” replacement parts 
are available from the Heath Electronic Centers listed in your 
catalog. Be sure to bring in the original part and purchase 
invoice when you request a warranty replacement from a 
Heath Electronic Center. 


TECHNICAL CONSULTATION 


Need help with your kit? — Self-Service? — Construction? — 
Operation? — Cail or write for assistance. you'll find our Tech- 
nical Consultants eager to help with just about any technical 
problem except “customizing” for unique applications. 


The effectiveness of our consultation service depends on the 
information you furnish. Be sure to tell us: 


® The Model number and Series number from the blue and 
white label. 

® The date of purchase. 

An exact description of the difficulty. 

Everything you have done in attempting to correct the prob- 
lem. 


Also include switch positions, connections to other units, 
operating procedures, voltage readings, and any other infor- 
mation you think might be helpful. 


Please do not send parts for testing, unless this is specifi- 
cally requested by our Consultants. 


Hints: Telephone traffic is lightest at midweek — please be 
‘sure your Manual and notes are on hand when you call. 


Heathkit Electronic Center facilities are also available for tele- 
phone or “walk-in” personal assistance. 


REPAIR SERVICE 


Service facilities are available, if they are needed, to repair 
your completed kit. (Kits that have been modified, soldered 
with paste flux or acid core solder, cannot be accepted for 
repair.) 


If it is convenient, personally deliver your kit to a Heathkit 
Electronic Center. For warranty parts replacement, sup- 
ply a copy of the invoice or sales slip. 


If you prefer to ship your kit to the factory, attach a letter 
containing the following information directly to the unit: 


© Your name and address. 

© Date of purchase and invoice number. 

® Copies of all correspondence relevant to the service of the 
kit. 

® A brief description of the difficulty. 

® Authorization to return your kit COD for the service and 
shipping charges. (This will reduce the possibility of delay.) 


Check the equipment to see that all screws and parts are 
secured. (Do not include any wooden cabinets or color televi- 
sion picture tubes, as these are easily damaged in shipment. 
Do not include the kit Manual.) Place the equipment in a strong 
carton with at least THREE INCHES of resilient packing mate- 
rial (shredded paper, excelsior, etc.) on all sides.. Use addi- 
tional packing material where there are protrusions (control 
sticks, large knobs, etc.). If the unit weighs over 15 Ibs., place 
this carton in another one with 3/4” of packing material bet- 
ween the two. 


Seal the carton with reinforced gummed tape, tie it with a 
strong cord, and mark it “Fragile” on at least two sides. Re- 
member, the carrier will not accept liability for shipping dam- 
age if the unit is insufficiently packed. Ship by prepaid express, 
United Parcel Service, or insured Parcel Post to: 


Heath Company 
Service Department 
Benton Harbor, Michigan 49022 


HEATH COMPANY . BENTON HARBOR, MICHIGAN 
THE WORLD'S FINEST ELECTRONIC EQUIPMENT IN KIT FORM 


LITHO IN U.S.A. 


